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MYCOBACTERIAL VACCINES

RELATED APPLICATION DATA

This application is a National Stage Application under 35
U.S.C. 371 of co-pending PCT application PCT/GB2010/
051741 designating the U.S.and filed Oct. 15, 2010; which
claims the benefit of GB patent application Ser. No.
0918154.6 and filed Oct. 16, 2009each of which are hereby
incorporated by reference in their entireties.

The present invention relates to polynucleotides and fusion
proteins, to vectors, to immunogenic compositions and to
methods and uses thereof for the treatment or prevention of
mycobacterial infections, particularly in primates such as
man.

Mycobacterium tuberculosis (MTB) and closely related
species make up a small group of mycobacteria known as the
Mycobacterium tuberculosis complex (MTC). This group
comprises five distinct species: M. tuberculosis, M microti, M
bovis, M. canetti, and M. africanum.

As the aetiological agent of tuberculosis infection (TB),
Mycobacterium tuberculosis (M. tuberculosis) is the leading
cause of death by bacterial infectious disease worldwide—
latent infection affecting as much as one third of the world’s
population. The World Health Organisation (WHO) estimates
that nearly nine million new cases of TB, and nearly two
million deaths, occur globally each year. The largest number
ofnew TB cases in 2005 occurred in South-East Asia (34% of
incident cases globally), and the estimated incidence rate in
sub-Saharan Africa is nearly 350 cases per 100,000 popula-
tion. However, TB infection is not limited to the developing
world: the UK has seen a resurgence of tuberculosis since the
late 1980s and there are currently over 8000 new cases each
year—a rate of 14.0 per 100,000 population.

Other mycobacteria are also pathogenic in man and ani-
mals, for example M. avium subsp. paratuberculosis which
causes Johne’s disease in ruminants, M. bovis which causes
tuberculosis in cattle, M. avium and M. intracellulare which
cause tuberculosis in immunocompromised patients (eg.
AIDS patients, and bone marrow transplant patients) and M.
leprae which causes leprosy in humans. Another important
mycobacterial species is M. vaccae.

The effectiveness of vaccine prevention against M. tuber-
culosis has varied widely. The current M. tuberculosis vac-
cine, BCG, is an attenuated strain of M. bovis. It is effective
against severe complications of TB in children, but it varies
greatly in its effectiveness in adults, particularly across ethnic
groups. The efficacy of BCG appears to decline with age and
as such it is not effective at preventing disease in adults,
particularly in TB endemic areas. BCG vaccination has been
used to prevent tuberculous meningitis and helps prevent the
spread of M. tuberculosis to extra-pulmonary sites, but does
not prevent infection. The limited efficacy of BCG and the
global prevalence of TB has led to an international effort to
generate new, more effective vaccines.

A number of tuberculosis subunit vaccines have been
shown to induce strong immune responses with some degree
of protection, however the level of efficacy when used alone
is no greater than that conferred by BCG and these have been
ruled out as replacements for BCG.

Most vaccines work by inducing antibodies that are pro-
tective against infection by the relevant pathogen. Adjuvants
are sometimes used to accelerate, prolong, or enhance anti-
gen-specific immune responses when used in combination
with specific vaccine antigens. Commonly used immunologi-
cal adjuvants include oils and aluminum salts.
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One such adjuvant is the complement 4 binding protein
(C4bp), which is a regulator of the complement pathway.
C4bp is a large glycoprotein and has been isolated from a
number of mammalian species. In humans, C4bp exists in the
plasma in several isoforms, the main isoform being a hep-
tamer consisting of seven a-chains and one [-chain linked
together at the C-terminus. Because of'its’ “spider or octopus-
like” structure and predicted long serum half-life, fusion of
proteins to C4bp has been proposed as a delivery platform to
enhance bioactivity and immunogenicity (WO091/11461).
WO91/11461 is incorporated herein by reference thereto.
Additional examples of C4bp-based vaccine approaches are
described in EP 1795540, WO 08/122,817 and WO
05/014654, each of which is incorporated herein by reference
thereto.

A different approach being explored to generate an
immune response is to clone an antigen or epitope of interest
into a vector. Plasmids as well as viral vectors are commonly
used. For example, a modified vaccinia Ankara virus (MVA)
expressing the M. tuberculosis antigen 85 A has shown some
ability to boost the BCG response and protection in a number
of animal models. Clinical trials have shown the substantial
capacity of MVASSA to boost the immune response to BCG
(McShane et al. Nat Med 10, 1240; 2004).

In view of the increasing threat and global prevalence of
mycobacterial infection, alternative/improved methods and
compositions are required for prevention and treatment of
mycobacterial infection.

In particular, whilst initial clinical data in rodents have
provided some optimism, corresponding efficacy in primates
(notably in humans) has been disappointing to date.

Similarly, whilst BCG vaccine remains the global “gold
standard™, efforts to provide improved protection by way of
booster vaccines has proven disappointing to date, especially
in animals (notably in primates such as humans).

The present invention solves one or more of the above
problems.

The present invention provides a polynucleotide sequence
encoding a fusion protein comprising first and second
domains, wherein the first domain of the fusion protein com-
prises an amino acid sequence having at least 70% sequence
identity to the amino acid sequence of SEQ ID NO: 1, or a
fragment thereof comprising at least 20 consecutive amino
acids thereof; and wherein the second domain of the fusion
protein comprises a mycobacterial antigen or an antigenic
fragment thereof.

The first domain of the present invention comprises a
hybrid non-complement control protein (CCP)/oligomeriza-
tion domain of'a C4bp protein. It is most surprising that said
hybrid C4bp-antigen fusion provides improves protection
against mycobacterial infection, not only in animals such as
rodents, but also in primates. This represents a major scien-
tific breakthrough as many earlier studies, whilst encouraging
in rodents have failed to deliver meaningful efficacy in pri-
mates.

The main C4bp isoform in humans consists of seven
a-chains and one -chain linked together at the C-terminus.
The last exon of the a-chain encodes the only non-CCP
(complement control protein) domain in the alpha chain. This
domain is sufficient for the oligomerization of the seven C4bp
alpha chains. The oligomerisation effect of this domain has
been extended to other fused poly-peptides/proteins. Fusion
of a malarial antigen to the oligomerisation domain of the
mouse C4bp has recently been shown to enhance the induc-
tion of specific antibodies when administered as a fusion
protein.
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In one embodiment, the first domain comprises an amino
acid sequence having at least 70% (such as at least 75, 80, 82,
84, 86, 88, 90, 92, 94, 96, 98, 99 or 100%) amino acid
sequence identity to the amino acid sequence of SEQ ID NO:
1, or a fragment thereof comprising at least 20 consecutive
amino acids thereof.

In one embodiment, the first domain consists of an amino
acid sequence having at least 70% (such as at least 75, 80, 82,
84, 86, 88, 90, 92, 94, 96, 98, 99 or 100%) amino acid
sequence identity to the amino acid sequence of SEQ ID NO:
1, or a fragment thereof comprising at least 20 consecutive
amino acids thereof.

In one embodiment, the amino acid sequence identity
exists over a region of the amino acid sequences thatis at least
20 consecutive amino acid residues in length (eg. at least 25,
28,3035, 40,45, 50, or 55 consecutive amino acid residues in
length).

Conventional methods for determining amino acid
sequence identity are discussed in more detail later in the
specification.

In the context of the first domain, a fragment comprises (or
consists of) at least 20 consecutive amino acid residues of said
amino acid sequence (eg. atleast 25,28,30,35, 40, 42, 44, 46,
48, 50, 52 or 54 consecutive amino acid residues thereof).

In one embodiment, in the context of the first domain, a
fragment of an amino acid sequence has a sequence length
that is at least 40%, 50%, 60%, 70%, 80%, or 90% of that of
the sequence of the full-length amino acid sequence.

SEQ ID NO: 1 (also referred to as IMX313) consists of 55
amino acid residues. Variants of SEQ ID NO: 1 are encom-
passed by the present invention and may include amino acid
sequences with one or more amino acid substitutions, dele-
tions or insertions. Substitutions are particularly envisaged,
as are N- and C-terminal deletions. Substitutions include
conservative substitutions. Conventional methods for select-
ing conservative substitutions and making deletions and
insertions are discussed in more detail later in the specifica-
tion.

Thus, in one embodiment, a variant of SEQ ID NO: 1
comprises an N-terminal deletion of at least 1 consecutive
amino acid residues (eg. at least 2, 3, 4, 5, 6, 7, 8, 9, 10
consecutive amino acid residues) in length.

In one embodiment, a variant of SEQ ID NO: 1 comprises
a C-terminal deletion of at least 1 consecutive amino acid
residues (eg. atleast 2,3,4,5,6,7, 8,9, 10 consecutive amino
acid residues) in length.

In one embodiment, a variant of SEQ ID NO:1 retains at
least 1 (eg. atleast 2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26) of the following
residues of SEQ ID NO: 1: Ala6; Glull; Alal3; Asp2l;
Cys22; Pro25; Ala27; Glu28; Leu29; Arg30; Thr31; Leu32;
Leu33; Glu34; 11e35; Lys37; Leu38; Leud0; Gludl; Iled2;
Glnd3; Lys44; Leud5; Glud8; Leud9; or GIn50.

In one embodiment, the first domain retains the amino acid
motif “AELR” (i.e. positions 27-30 of SEQ ID NO: 1. Said
motif may include one or more conservative amino acid sub-
stitutions, for example 1, 2, 3, or 4 conservative amino acid
substitutions).

The second domain of the fusion protein comprises a
mycobacterial antigen, or an antigenic fragment of said
mycobacterial antigen.

As used herein, the term “mycobacterial” or “mycobacte-
rium” embraces the species M. phlei, M. smegmatis, M. afvi-
canum, M. canetti, M. fortuitum, M. marinum, M. ulcerans,
M. tuberculosis, M. bovis, M. microti, M. avium, M. paratu-
berculosis, M. leprae, M. lepraemurium, M. intracellulare,
M. scrofulaceum, M. xenopi, M. genavense, M. kansasii, M.
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simiae, M. szulgai, M. haemophilum, M. asiaticum, M. mal-
moense, M. vaccae, and M. shimoidei. Of particular interest
are the members of the MTC, such as M. tuberculosis.

The term antigen or antigenic fragment means any peptide-
based sequence that can be recognized by the immune system
and/or that stimulates a cell mediated immune response and/
or stimulates the generation of antibodies.

The positive immunogenicity results achieved with poly-
nucleotides of the invention (see Example 3 and FIGS. 1-6
below) are most surprising and unexpected. For example, in
contrast to the present invention, fusions of SEQ ID NO: 1
with malarial antigens did not result in an enhanced immune
response (see Example 3 and FIG. 7 below). Even more
surprising is that the positive immunogenicity towards the
mycobacterial antigen observed in mice was also observed in
primates.

In one embodiment, the mycobacterial antigen or antigenic
fragment thereof provides a cell mediated response to infec-
tion involving T cells (CD4+ and/or CD8+ T cells) and/or the
ability to respond with Thl-type cytokines such as IFN-y. In
one embodiment, a mycobacterial antigen induces IFN-y-
secreting cells (eg. predominantly CD4+ T cells). In this
regard, recent studies suggest that T cell immune responses
(such as in the lung mucosa) may be critical for protection
against pulmonary mycobacterial disease.

In one embodiment, the mycobacterial antigen or antigenic
fragment thereof provides protection (such as long term pro-
tection) against challenge by mycobacteria such as M. tuber-
culosis.

By way of example, the mycobacterial antigen or antigenic
fragment thereof may induce ‘memory T cells’, which can
continue to stimulate protective immunity in the long term
(eg. for decades). Memory immune responses have been
attributed to the reactivation of long-lived, antigen-specific T
lymphocytes that arise directly from differentiated effector
T-cells and persist in a quiescent state. Memory T cells are
heterogeneous; at least two subsets have been identified, hav-
ing different migratory capacity and effector function.
Memory T cells of the first subset are known as ‘effector
memory T cells” (TEM) because they resemble the eftfector T
cells generated in the primary response, in that they lack the
lymph node-homing receptors for migration into inflamed
tissues. Upon re-encounter with antigen, the TEM rapidly
produce IFN-y or IL-4, or release pre-stored perforin.
Memory T cells of the second subset (known as ‘central
memory cells’ (TCM)) express L-selectin and CCR7 and lack
immediate effector function. The TCM have a low activation
threshold and proliferate and differentiate to effectors when
re-stimulated in secondary lymphoid organs.

In one embodiment, the mycobacterial antigen or antigenic
fragment thereof provides an antibody response (eg. a neu-
tralizing antibody response) to mycobacterial (eg. M. tuber-
culosis) infection.

In one embodiment the second domain comprises a myco-
bacterial antigen selected from 85A/Rv3804c, 85B/Rv1886¢,
85C/Rv0129¢c, ESAT6/Rv3875, TB10.4/Rv0288, Rv0125,
PPE18/Rv1196, P27/Rv141lc, HSP65/Rv0440, HBHA/
Rv0475, Rv2659¢, Rv2660c, HspX/Rv2031c, RPFA/
Rv0867¢c, RPFB/Rv1009, RPFC/Rv1884c, RPFD/Rv2389c,
RPFE/Rv2450c, Rv1733¢c, Rv2029¢, Rv2032, Rv2626c¢,
Rv2627¢c, Rv2628, Rv0111, Rv1806/1807, Rv0198, or
Rv3812 or antigenic fragments thereof.

In one embodiment, the second domain comprises an
amino acid sequence having at least 70% (such as at least 75,
80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 99 or 100%) amino acid
sequence identity to an amino acid sequence selected from
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SEQ ID NOs: 3-26 or 52, or a fragment thereof comprising at
least 10 consecutive amino acids thereof.

In one embodiment, the second domain consists of an
amino acid sequence having at least 70% (such as at least 75,
80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 99 or 100%) amino acid
sequence identity to an amino acid sequence selected from
SEQ ID NOs: 3-26 or 52, or a fragment thereof comprising at
least 10 consecutive amino acids thereof.

In one embodiment, the amino acid sequence identity
exists over a region of the amino acid sequences thatis at least
10 consecutive amino acid residues in length (eg. at least 25,
50,75, 100, 150, 200,250, 300,350, 400, or 413) consecutive
amino acid residues in length).

Conventional methods for determining amino acid
sequence identity are discussed in more detail later in the
specification.

In the context of the second domain, a fragment comprises
(or consists of) at least 10 consecutive amino acid residues of
said amino acid sequence (eg. at least 25, 50, 75, 100, 150,
200, 250, 300, 350, 400, or 412 consecutive amino acid resi-
dues thereof).

In one embodiment, in the context of the second domain, a
fragment of an amino acid sequence has a sequence length
that is at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90% or 95% of that of the sequence of the full-length
amino acid sequence.

A fragment of a polypeptide may include at least one
epitope of the polypeptide.

In one embodiment, the second domain comprises a myco-
bacterial antigen (or antigenic fragment thereof) selected
from the family of mycobacterial antigens comprising Anti-
gen 85A, Antigen 85B and Antigen 85C. This highly homolo-
gous family of proteins is secreted by M. tuberculosis, BCG,
and many other species of mycobacteria.

Antigen 85A (Rv3804c) is represented by SEQ ID NO: 3,
Antigen 85B (Rv1886c¢) is represented by SEQ ID NO: 4, and
Antigen 85C(Rv0129c¢) is represented by SEQ ID NO: 5.

Thus, in one embodiment, the second domain comprises an
amino acid sequence having at least 70% sequence identity
(eg. at least 75, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 99 or
100% sequence identity) to an amino acid sequence selected
from SEQ ID NOs: 3, 4, 5, or 52 or a fragment thereof
comprising at least 10 consecutive amino acids thereof.

In one embodiment, the polynucleotide sequence of the
invention encodes a fusion protein comprising first and sec-
ond domains, wherein the first domain of said fusion protein
comprises an amino acid sequence having at least 70%
sequence identity to SEQ ID NO: 1, or a fragment thereof
comprising at least 20 consecutive amino acids thereof; and
wherein the second domain of said fusion protein comprises
anamino acid sequence having atleast 70% sequence identity
to an amino acid sequence selected from SEQ ID NOs: 3-5 or
52, or a fragment thereof comprising at least 10 consecutive
amino acids thereof.

In one embodiment, the polynucleotide sequence of the
invention encodes a fusion protein comprising a first domain
and a second domain, wherein the first domain of said fusion
protein is encoded by a nucleic acid sequence having at least
70% identity to the nucleic acid sequence of SEQ ID NO: 2 or
SEQ ID NO: 53, or a fragment thereof comprising at least 60
consecutive nucleotides thereof.

In one embodiment, the polynucleotide sequence of the
invention comprises a nucleic acid sequence encoding the
first domain of the fusion protein, wherein said ‘first domain’
nucleic acid sequence comprises a nucleotide sequence hav-
ing at least 70% (such as at least 75, 80, 82, 84, 86, 88, 90, 92,
94, 96, 98, 99 or 100%) nucleic acid sequence identity to the
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nucleic acid sequence of SEQ ID NO: 2 or SEQID NO: 53, or
a fragment thereof comprising at least 60 consecutive nucle-
otides thereof.

In one embodiment, the polynucleotide sequence of the
invention comprises a nucleic acid sequence encoding the
first domain of the fusion protein, wherein said ‘first domain’
nucleic acid sequence consists of a nucleotide sequence hav-
ing at least 70% (such as at least 75, 80, 82, 84, 86, 88, 90, 92,
94, 96, 98, 99 or 100%) nucleic acid sequence identity to the
nucleic acid sequence of SEQ ID NO: 2 or SEQID NO: 53, or
a fragment thereof comprising at least 60 consecutive nucle-
otides thereof.

In one embodiment, the nucleic acid sequence identity
exists over a region of the nucleic acid sequences that is at
least 60 consecutive nucleotides in length (eg. at least 65, 70,
75, 80, 84, 90, 100, 110, 120, 130, 140, 150, 155, 160, 165
consecutive nucleotides in length).

Conventional methods for determining nucleic acid
sequence identity are discussed in more detail later in the
specification.

In the context of the first domain, a nucleic acid sequence
fragment comprises (or consists of) at least 60 consecutive
nucleotides of said nucleic acid sequence (eg. at least 65, 70,
75, 80, 84, 90, 100, 110, 120, 130, 140, 145, 150, 152, 154,
156, 158, 160, 162 or 164 consecutive nucleotides thereof).

In one embodiment, in the context of the first domain, a
fragment of a nucleic acid sequence has a sequence length
that is at least 40%, 50%, 60%, 70%, 80%, or 90% of that of
the sequence of the full-length nucleic acid sequence.

In one embodiment, in the context of the first domain, the
polynucleotide sequence is codon-optimized for expression
in a particular host/host cell. Thus, in one embodiment, said
first domain is encoded by a codon-optimized polynucleotide
comprising or consisting of a nucleotide sequence having at
least 70% (such as atleast 75, 80, 82, 84, 86, 88, 90, 92, 94, 96,
98, 99 or 100%) nucleic acid sequence identity to the nucleic
acid sequence of SEQ ID NO: 2. In one embodiment, said
codon-optimized nucleic acid encoding said first domain
comprises or consists of SEQ ID NO: 53.

Conventional methods for codon-optimizing nucleic acid
sequences are discussed in more detail later in the specifica-
tion.

In one embodiment, the polynucleotide sequence of the
invention encodes a fusion protein comprising a first domain
and a second domain, wherein the second domain of said
fusion protein is encoded by a nucleic acid sequence having at
least 70% identity to the nucleic acid sequence selected from
SEQ NOs: 27-51 or 56, or a fragment thereof comprising at
least 30 consecutive nucleotides thereof.

Thus, in one embodiment, the polynucleotide sequence of
the invention comprises a nucleic acid sequence encoding the
second domain of the fusion protein, wherein said ‘second
domain’ nucleic acid sequence comprises a nucleotide
sequence having at least 70% (such as at least 75, 80, 82, 84,
86, 88, 90, 92, 94, 96, 98, 99 or 100%) nucleic acid sequence
identity to the nucleic acid sequence of SEQ ID NO: 27-51 or
56, or a fragment thereof comprising at least 30 consecutive
nucleotides thereof.

Thus, in one embodiment, the polynucleotide sequence of
the invention comprises a nucleic acid sequence encoding the
second domain of the fusion protein, wherein said ‘second
domain’ nucleic acid sequence consists of a nucleic acid
sequence having at least 70% (such as at least 75, 80, 82, 84,
86, 88, 90, 92, 94, 96, 98, 99 or 100%) nucleic acid sequence
identity to the nucleic acid sequence of SEQ ID NOs: 27-51 or
56, or a fragment thereof comprising at least 30 consecutive
nucleotides thereof.
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In one embodiment, the nucleic acid sequence identity
exists over a region of the nucleic acid sequences that is at
least 30 consecutive nucleotides in length (eg. at least 50, 75,
100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650,
700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150 or
1200) consecutive nucleotides in length.

Conventional methods for determining nucleic acid
sequence identity are discussed in more detail later in the
specification.

In the context of the second domain, a nucleic acid
sequence fragment comprises (or consists of) at least 30 con-
secutive nucleotides of said nucleic acid sequence (eg. at least
50,75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600,
650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150 or
1199 consecutive nucleotides thereof).

In one embodiment, in the context of the second domain, a
fragment of a nucleic acid sequence has a sequence length
that is at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90%
of that of the sequence of the full-length nucleic acid
sequence.

In one embodiment, in the context of the second domain,
the polynucleotide sequence is codon-optimized for expres-
sion in a particular host/host cell. Thus, in one embodiment,
the second domain comprises or consists of codon-optimized
versions of the mycobacterial antigens (or antigenic frag-
ments thereof) described herein. In one embodiment, said
second domain is encoded by a codon-optimized polynucle-
otide comprising or consisting of a nucleotide sequence hav-
ing at least 70% (such as at least 75, 80, 82, 84, 86, 88, 90, 92,
94, 96, 98, 99 or 100%) nucleic acid sequence identity to the
nucleic acid sequence of SEQ ID NO: 27. In one embodiment,
said codon-optimized nucleic acid encoding said second
domain comprises or consists of SEQ ID NO: 51 or 56.

Conventional methods for codon-optimizing nucleic acid
sequences are discussed in more detail later in the specifica-
tion.

In one embodiment, the polynucleotide of the present
invention encoding a fusion protein comprising first and sec-
ond domains comprises or consists of a nucleotide sequence
having at least 70% (such as at least 75, 80, 82, 84, 86, 88, 90,
92,94, 96, 98, 99 or 100%) nucleic acid sequence identity to
the nucleic acid sequence of SEQ ID NO: 54, or a fragment
thereof.

In one embodiment, the nucleic acid sequence identity
exists over a region of the nucleic acid sequences that is at
least 30 consecutive nucleotides in length (eg. at least 50, 75,
100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650,
700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1119, 1150
or 1200) consecutive nucleotides in length.

Conventional methods for determining nucleic acid
sequence identity are discussed in more detail later in the
specification.

In the context of the polynucleotide of the present inven-
tion, a nucleic acid sequence fragment comprises (or consists
of) at least 30 consecutive nucleotides of said nucleic acid
sequence (eg. at least 50, 75, 100, 150, 200, 250, 300, 350,
400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950,
1000, 1050, 1100 or 1118 consecutive nucleotides thereof).

In one embodiment, in the contest of the polynucleotide of
the present invention, a fragment of a nucleic acid sequence
has a sequence length that is at least 20%, 30%, 40%, 50%,
60%, 70%, 80%, or 90% of that of the sequence of the full-
length nucleic acid sequence.

In one embodiment, the polynucleotide sequence of the
invention encodes a fusion protein comprising first and sec-
ond domains, wherein the first domain of the fusion protein is
arranged C-terminal of the second domain of the fusion pro-
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tein. In an alternative embodiment, the polynucleotide of the
invention encodes a fusion protein comprising first and sec-
ond domains, wherein the first domain of the fusion protein is
arranged N-terminal of the second domain.

Thus, in one embodiment, the polynucleotide sequence of
the invention comprises nucleic acid sequences encoding the
first domain and the second domain of the fusion protein,
wherein the nucleic acid sequence encoding the first domain
of the fusion protein is arranged 3' to the nucleic acid
sequence encoding the second domain. In an alternative
embodiment, the nucleic acid sequence encoding the first
domain of the fusion protein is arranged 5' to the nucleic acid
sequence encoding the second domain.

In one embodiment, the polynucleotide of the invention
further comprises a nucleic acid sequence that encodes an
intervening ‘linker’ sequence, located between the first and
second domains of the fusion protein. In accordance with this
embodiment, the ‘linker’ nucleic acid sequence is located
between the nucleic acid sequence encoding the first domain
of the fusion protein and the nucleic acid sequence encoding
the second domain of the fusion protein. In one embodiment,
said linker is a ‘glycine-serine’ (i.e. Gly-Ser) linker, for
example a glycine-serine linker encoded by the nucleotide
sequence “ggcagc”.

In general, the amino acids encoded by these linker
sequences are not deleterious to the immunogenicity of the
resultant fusion protein, and may even be beneficial to immu-
nogenicity.

Alternatively, a fusion protein of the invention may be
produced as an epitope string, by expression of polynucle-
otide sequences that are linked without intervening nucle-
otides. The absence of intervening linker sequence avoids the
presence of unnecessary nucleic acid and/or amino acid mate-
rial. Thus, in accordance with this embodiment, the poly-
nucleotide sequence does not comprise any ‘linker’ interven-
ing nucleotides between the nucleic acid sequences encoding
the first and second domains of the fusion protein.

In one embodiment, the polynucleotide sequence of the
invention encodes a fusion protein, wherein the encoded
fusion protein comprises at least one additional domain (ie. in
addition to the first and second domains defined above). For
example, the fusion protein may comprise at least one addi-
tional antigen or antigenic fragment (such as 2, 3, 4, 6, 8, 10
additional antigens or antigenic fragments).

Thus, in one embodiment, the polynucleotide of the inven-
tion comprises additional nucleic acid sequences (in addition
to the nucleic acid sequences encoding the first and second
domains defined above) that encode at least one additional
domain, such as at least one additional antigen or antigenic
fragment (such as 2, 3, 4, 6, 8, 10 additional nucleic acid
sequences encoding additional antigens or antigenic frag-
ments).

As discussed above, the additional antigen(s) or fragments
may be the same as mycobacterial antigen/antigenic fragment
that is comprised in the second domain of the fusion protein.
Alternatively, the additional antigen(s) or fragments may be
different from the mycobacterial antigen/antigenic fragment
that is comprised in the second domain of the fusion protein.
By way of example, the additional antigen(s) or fragments
may be a mycobacterial antigen (or antigenic fragment) or
may be non-mycobacterial—eg. from a different pathogen
such as a different pathogenic bacterium.

In another aspect, the invention provides a vector compris-
ing a polynucleotide sequence of the invention that encodes a
fusion protein comprising first and second domains (as
defined above).
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The positive immunogenicity results achieved with a vec-
tor of the invention (see Example 3 and FIGS. 1-6 below) are
most surprising and unexpected. For example, in contrast to
the present invention, vectors comprising a fusion of SEQ ID
NO: 1 with malarial antigens did not result in an enhanced
immune response (see Example 3 and FIG. 7 below). Even
more surprising is that the positive immunogenicity towards
the mycobacterial antigen observed in mice was also
observed in primates.

In one embodiment, the vector is selected from a DNA
vector, a RNA vector, a viral vector, a bacterial vector, a
plasmid vector, a cosmid vector, an artificial chromosome
vector, such as a yeast artificial chromosome vector.

In one embodiment of the invention, the vector is a DNA
vector such as a plasmid DNA vector. In another embodiment
the vector is a viral vector. In one embodiment, the viral
vector is an adenovirus or a modified vaccinia Ankara (MVA)
virus vector.

Viral vectors are usually non-replicating or replication-
impaired vectors, which means that the viral vector cannot
replicate to any significant extent in normal cells (eg. normal
human cells), as measured by conventional means—eg. via
measuring DNA synthesis and/or viral titre. Non-replicating
or replication-impaired vectors may have become so natu-
rally (ie. they have been isolated as such from nature) or
artificially (eg. by breeding in vitro or by genetic manipula-
tion). There will generally be at least one cell-type in which
the replication-impaired viral vector can be grown—for
example, modified vaccinia Ankara (MVA) can be grown in
CEF cells.

Typically, the viral vector is incapable of causing a signifi-
cant infection in an animal subject, typically in a mammalian
subject such as a human, cow, pig, horse, badger or fox.

In one embodiment, the vector is selected from an aden-
ovirus or a poxvirus vector. Examples of viral vectors that are
useful in this context include attenuated vaccinia virus vec-
tors such as modified vaccinia Ankara (MVA) and NYVAC,
or strains derived therefrom. Other examples of vectors
include an avipox vector, such as a fowlpox vectors (eg. FP9)
or canarypox vectors (eg. ALVAC and strains derived there-
from). Alternative viral vectors useful in the present invention
include adenoviral vectors (eg. non-human adenovirus vec-
tors), alphavirus vectors, flavivirus vectors, herpes viral vec-
tors (eg. herpes simplex, CMV and EBV), influenza virus
vectors and retroviral vectors.

Adenoviruses are commonly used as vectored vaccines and
can be distinguished into several different classes. Fowl aden-
oviruses-derived vectors, for example, are preferred for vac-
cination of avian species, and may have less utility in vacci-
nating mammals against mycobacteria. Adenoviruses are
classified by the host(s) from which they were initially iso-
lated. Thus, the scientific literature commonly refers to
“human adenoviruses”, “chimpanzee adenoviruses” and
“simian adenoviruses”. All three groups have utility for pre-
paring mycobacterial vaccines. An attraction of adenoviral
vectors derived from chimpanzee adenoviruses is that
humans have seldom been naturally infected by such viruses
and thus pre-existing immunity to such vectors is negligible.
Further distinctions can be made amongst adenoviral vectors
derived from human adenoviruses on the same basis: infec-
tion by adenovirus 5 (AdS) is very common in human popu-
lations and thus, there may be a preference when using human
adenoviral vectors to use those derived from rarer human
isolates or where cross-immunity following natural AdS
infection is limited. Examples of vectors derived from such
rarer isolates include the Ad35 and Ad11 vectors as well as the
Ad26, Ad48, and Ad50 vectors.
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In one embodiment, the vector is a human adenovirus. In
another embodiment, the vector is a simian adenovirus. In
another embodiment, the vector is a chimpanzee adenovirus.
A chimpanzee as referred to herein may include Pan troglo-
dytes (common chimpanzee) and Pan paniscus (Bonobo). In
one embodiment, the vector is selected from adenovirus 5
(Ad5), adenovirus 35 (Ad35), adenovirus 11 (Ad11), aden-
ovirus 26 (Ad26), adenovirus 48 (Ad48) or adenovirus 50
(Ad50). The present Inventors have noted that antigens which
induce good immunogenicity when expressed from human
adenoviruses are also immunogenic when expressed from
chimpanzee adenoviruses. This has been confirmed by the
scientific literature in comparative evaluations of various
antigens in human and chimpanzee adenoviral expression
systems—see, for example, Reyes-Sandoval et al. 2010 (In-
fection and Immunity, January 2010, p. 145-153, Vol. 78, No.
D).

The vectors of the invention optionally include appropriate
control sequences such as a promoter and/or terminator.
Expression control sequences for such vectors are known to
those skilled in the art and may be selected depending upon
the host cells.

In one embodiment, the vector is an expression vector.

Expression vectors are nucleic acid molecules (linear or
circular) that comprise one or more polynucleotide sequences
encoding a polypeptide(s) of interest, operably linked to addi-
tional regulatory elements required for its expression.

In this regard, expression vectors generally include pro-
moter and terminator sequences, and optionally one or more
enhancer sequences, polyadenylation signals, and the like.
Expression vectors may also include suitable translational
regulatory elements, including ribosomal binding sites, and
translation initiation and termination sequences. The tran-
scriptional and translational regulatory elements employed in
the expression vectors of the invention are functional in the
host cell used for expression, and may include those naturally
associated with mycobacterial genes.

The selection of suitable promoters, terminators, selectable
markers and other elements is a matter of routine design
within the level of ordinary skill in the art.

Promoters such as the trp, lac and phage promoters, tRNA
promoters and glycolytic enzyme promoters may be used in
prokaryotic hosts. Useful yeast promoters include the pro-
moter regions for metallothionein, 3-phosphoglycerate
kinase or other glycolytic enzymes such as enolase or glyc-
eraldehyde-3-phosphate dehydrogenase, enzymes respon-
sible for maltose and galactose utilization, and others. Appro-
priate non-native mammalian promoters may include the
early and late promoters from SV40 or promoters derived
from murine moloney leukaemia virus, mouse mammary
tumour virus, avian sarcoma viruses, adenovirus II, bovine
papilloma virus or polyoma. In one embodiment, the expres-
sion vector comprises a CMV promoter.

Generally, “operably linked” means that the nucleic acid
sequences being linked are contiguous and arranged so that
they function in concert for their intended purposes—for
example, transcription initiates in the promoter and proceeds
through the coding polynucleotide segment to the terminator.
Where necessary to join two protein coding regions, the poly-
nucleotide coding sequences should be contiguous and in
reading frame.

In one embodiment, the invention provides a fusion protein
comprising first and second domains, wherein the first
domain comprises an amino acid sequence having at least
70% sequence identity to the amino acid sequence of SEQ ID
NO: 1, or a fragment thereof comprising at least 20 consecu-
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tive amino acids thereof, and wherein the second domain of
the fusion protein comprises a mycobacterial antigen or an
antigenic fragment thereof.

The positive immunogenicity results achieved with fusions
the present invention (see Example 3 and FIGS. 1-6 below)
are most surprising and unexpected. For example, in contrast
to the present invention, fusions of SEQ ID NO: 1 with
malarial antigens did not result in an enhanced immune
response (see Example 3 and FIG. 7 below). Even more
surprising is that the positive immunogenicity towards the
mycobacterial antigen observed in mice was also observed in
primates.

In one embodiment, the first domain comprises (or consists
of) an amino acid sequence having at least 70% (such as at
least 75, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 99 or 100%)
amino acid sequence identity to the amino acid sequence of
SEQ ID NO: 1, or a fragment thereof comprising at least 20
consecutive amino acids thereof.

In one embodiment, the amino acid sequence identity
exists over a region of the amino acid sequences thatis at least
20 consecutive amino acid residues in length (eg. at least 25,
28, 30, 35, 40, 45, 50, or 55 consecutive amino acid residues
in length).

Conventional methods for determining amino acid
sequence identity are discussed in more detail later in the
specification.

In the context of the first domain, a fragment comprises (or
consists of) at least 20 consecutive amino acid residues of said
amino acid sequence (eg. atleast 25,28,30,35, 40, 42, 44, 46,
48, 50, 52 or 54 consecutive amino acid residues thereof).

In one embodiment, in the context of the first domain, a
fragment of an amino acid sequence has a sequence length
that is at least 40% 50%, 60%, 70%, 80%, or 90% of that of
the sequence of the full-length amino acid sequence.

The second domain of the fusion protein comprises a
mycobacterial antigen, or an antigenic fragment of said
mycobacterial antigen.

In one embodiment the second domain comprises a myco-
bacterial antigen selected from 85A/Rv3804c, 85B/Rv1886¢,
85C/Rv0129¢c, ESAT6/Rv3875, TB10.4/Rv0288, Rv0125,
PPE18/Rv1196, P27/Rv141lc, HSP65/Rv0440, HBHA/
Rv0475, Rv2659¢c, Rv2660c, HspX/Rv2031c, RPFA/
Rv0867¢c, RPFB/Rv1009, RPFC/Rv1884c, RPFD/Rv2389c,
RPFE/Rv2450c, Rv1733¢, Rv2029¢c, Rv2032, Rv2626c¢,
Rv2627¢c, Rv2628, Rv0111, Rv1806/1807, Rv0198, or
Rv3812 or antigenic fragments thereof.

In one embodiment, the second domain comprises (or con-
sists of) an amino acid sequence having at least 70% (such as
at least 75, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 99 or 100%)
amino acid sequence identity to an amino acid sequence
selected from SEQ ID NOs: 3-26 or 52, or a fragment thereof
comprising at least 10 consecutive amino acids thereof.

In one embodiment, the amino acid sequence identity
exists over a region of the amino acid sequences thatis at least
10 consecutive amino acid residues in length (eg. at least 25,
50,75, 100, 150, 200,250, 300,350, 400, or 413) consecutive
amino acid residues in length).

Conventional methods for determining amino acid
sequence identity are discussed in more detail later in the
specification.

In the context of the second domain, a fragment comprises
(or consists of) at least 10 consecutive amino acid residues of
said amino acid sequence (eg. at least 25, 50, 75, 100, 150,
200, 250, 300, 350, 400 or 412 consecutive amino acid resi-
dues thereof). In one embodiment, in the context of the sec-
ond domain, a fragment of an amino acid sequence has a
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sequence length that is at least 20%, 30%, 40%, 50%, 60%,
70%, 80%, or 90% of that of the sequence of the full-length
amino acid sequence.

A fragment of a polypeptide may include at least one
epitope of the polypeptide.

In one embodiment, the second domain comprises a myco-
bacterial antigen (or antigenic fragment thereof) selected
from the family of mycobacterial antigens comprising Anti-
gen 85A (SEQ ID NO: 3 or SEQ ID NO: 52), Antigen 85B
(SEQ ID NO: 4) and Antigen 85C (SEQ ID NO: 5). This
highly homologous family of proteins is secreted by M. tuber-
culosis, BCG, and many other species of mycobacteria.

Thus, in one embodiment, the second domain comprises an
amino acid sequence having at least 70% sequence identity to
an amino acid sequence selected from SEQ ID NOs: 3,4, Sor
52 or a fragment thereof comprising at least 10 consecutive
amino acids thereof.

In one embodiment, the fusion protein of the invention
comprises first and second domains, wherein the first domain
of said fusion protein comprises an amino acid sequence
having at least 70% sequence identity to SEQ ID NO: 1, ora
fragment thereof comprising at least 20 consecutive amino
acids thereof; and wherein the second domain of said fusion
protein comprises an amino acid sequence having at least
70% sequence identity to an amino acid sequence selected
from SEQ ID NOs: 3, 4, 5 or 52, or a fragment thereof
comprising at least 10 consecutive amino acids thereof.

In one embodiment, the first domain of the fusion protein is
arranged C-terminal of the second domain (ie. in the order
“second domain-first domain™). Alternatively, the first
domain of the fusion protein is arranged N-terminal of the
second domain (ie. in the order “first domain-second
domain”).

In one embodiment, the fusion protein of the present inven-
tion comprises or consists of an amino acid sequence having
atleast 70% (such as atleast 75, 80, 82, 84, 86, 88, 90, 92, 94,
96, 98, 99 or 100%) amino acid sequence identity to the
amino acid sequence of SEQ ID NO: 55, or a fragment
thereof.

In one embodiment, the amino acid sequence identity
exists over aregion of the amino acid sequences that is at least
10 consecutive amino acid residues in length (eg. at least 25,
50,75, 100, 150, 200, 250, 300, 350, or 338 or 372) consecu-
tive amino acid residues in length).

Conventional methods for determining amino acid
sequence identity are discussed in more detail later in the
specification.

In the context of the fusion protein, a fragment comprises
(or consists of) at least 10 consecutive amino acid residues of
said amino acid sequence (eg. at least 25, 50, 75, 100, 150,
200, 250, 300, 350, 337 or 371 consecutive amino acid resi-
dues thereof).

In one embodiment, in the context of the fusion protein, a
fragment of an amino acid sequence has a sequence length
that is at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90% or 95% of that of the sequence of the full-length
amino acid sequence.

In one embodiment, the fusion protein of the invention
comprises intervening ‘linker’ sequences located between the
first and second domains of the fusion protein. In general, the
amino acids encoded by these linker sequences are not del-
eterious to the immunogenicity of the resultant fusion protein,
and may even be beneficial to immunogenicity. In one
embodiment, the linker sequence comprises or consists of the
amino acids gylcine and serine. In a preferred embodiment,
the linker sequence comprises or consists of (in a 5'->3' direc-
tion) gylcine and serine i.e. Gly-Ser. Alternatively, a fusion
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protein of the invention may be produced as an epitope string,
by expression of polynucleotide sequences that are linked
without intervening nucleotides. In this embodiment, the
fusion protein does not comprise intervening ‘linker’ amino
acids between the first and second domains. The absence of
intervening linker sequence avoids the presence of unneces-
sary nucleic acid and/or amino acid material.

In one embodiment, the fusion protein of the invention
further comprises at least one additional domain (ie. in addi-
tion to the first and second domains defined above). For
example, the fusion protein may comprise at least one addi-
tional antigen or antigenic fragment (such as 2, 3, 4, 6, 8, 10
additional antigens or antigenic fragments). In one embodi-
ment, the additional antigen(s) or fragments may be the same
as (or derived from the same) mycobacterial antigen/anti-
genic fragment that is comprised in the second domain of the
fusion protein. In one embodiment, the additional antigen(s)
or fragments may be different from the mycobacterial anti-
gen/antigenic fragment that is comprised in the second
domain of the fusion protein. By way of example, the addi-
tional antigen(s) or fragments may be a mycobacterial anti-
gen (or antigenic fragment) or may be non-mycobacterial—
eg. from a different pathogen such as a different pathogenic
bacterium.

In one embodiment, the invention provides a method of
producing a fusion protein comprising expressing a poly-
nucleotide of the invention (as described above) or a vector of
the invention (as described above) in a host cell.

Generation of fusion proteins is well known in the art.
Fusion proteins may be generated by expression of a recom-
binant polynucleotide sequence that encodes the fusion pro-
tein. By way of example, polynucleotide sequences encoding
first and second domains of the fusion protein of the invention
may be positioned in the same reading frame downstream of
apromoter in a vector, thereby allowing transcription through
the polynucleotide sequences and translation as one protein
product.

The fusion proteins of the invention may be prepared by
expressing the polynucleotide sequences of the invention in
vectors or other expression vehicles in compatible prokary-
otic or eukaryotic host cells using standard molecular biology
methods (e.g., Sambrook et al. 1989, Molecular Cloning a
Laboratory Manual, Second Edition, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y.; incorporated
herein by reference).

The most commonly used prokaryotic hosts are strains of
E. coli, although other prokaryotes, such as B. subtilis or
Pseudomonas may be used. Mammalian or other eukaryotic
host cells, such as those of yeast, filamentous fungi, plant,
insect, amphibian or avian species, may also be useful in the
present invention. Propagation of mammalian cells in culture
is per se well known. Examples of commonly used mamma-
lian host cell lines are VERO and HeLa cells, Chinese hamster
ovary (CHO) cells, and WI38, BHK, and COS cell lines,
although other cell lines may be appropriate, e.g., to provide
higher expression.

Asused herein, “host cells”, and other such terms denoting
microorganisms or higher eukaryotic cell lines cultured as
unicellular entities refer to cells which can be, or have been,
used as recipients for recombinant vector or other transfer
DNA, and include the progeny of the original cell which has
been transformed. Itis understood that the progeny of a single
parental cell may not necessarily be completely identical in
morphology or in genomic or total DNA complement as the
original parent, due to natural, accidental or deliberate muta-
tion.
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Polynucleotide sequences of interest can be transcribed in
vitro and the resulting RNA introduced into the host cell (eg.
by injection), or the polynucleotide sequences can be intro-
duced directly into host cells by methods which vary depend-
ing on the type of cellular host, including electroporation;
transfection employing calcium chloride, rubidium chloride,
calcium phosphate, DEAE-dextran, or other substances;
microprojectile bombardment; lipofection; infection (where
the vector is an infectious agent, such as a retroviral genome).
“Transformation” refers to the insertion of an exogenous
polynucleotide into a host cell, irrespective of the method
used for the insertion, for example, direct uptake, transduc-
tion, f-mating or electroporation.

Vectors may replicate autonomously, or may replicate by
being inserted into the genome of a host cell, in which case
they include an insertion sequence.

Expression and cloning vectors may contain a selectable
marker, a gene encoding a protein necessary for the survival
or growth of a host cell transformed with the vector. This gene
ensures the growth of only those host cells which express the
inserts. Conventional selection genes encode proteins that (a)
confer resistance to antibiotics or other toxic substances, eg.
ampicillin, neomycin, methotrexate, etc.; (b) complement
auxotrophic deficiencies; or (c) supply critical nutrients not
available from complex media, e.g. the gene encoding D-ala-
nine racemase for Bacilli. The choice of appropriate select-
able marker will depend on the host cell.

The transformed host cell can be cultured in accordance
with known methods, and the expressed polypeptide may be
harvested i.e. recovered and isolated (eg. from the culture
medium) using conventional protocols.

Thus, in one embodiment, the invention provides a host cell
comprising a polynucleotide sequence of the invention, or a
vector of the invention, or a fusion protein of the invention (as
described above).

In one embodiment, the invention provides an immuno-
genic composition comprising a polynucleotide sequence of
the invention, or a vector of the invention, or a fusion protein
of'the invention (as described above) and a pharmaceutically
acceptable carrier.

In the present context, “immunogenic” composition refers
to the ability of an antigen in the composition to elicit an
immune response. The immune response includes humoral
and/or cell-mediated immune responses such as CD4+,
CD8+, and/or IFN-y responses.

The positive immunogenicity results achieved with an
immunogenic composition of the invention (see Example 3
and FIGS. 1-6 below) are most surprising and unexpected.
For example, in contrast to the present invention, fusion of
SEQ ID NO: 1 with malarial antigens did not result in an
enhanced immune response (see Example 3 and FIG. 7
below). Even more surprising is that the positive immunoge-
nicity towards the mycobacterial antigen observed in mice
was also observed in primates.

It is routine in the art to monitor an immune response. For
example, new immunological assays for measuring and quan-
tifying T cell responses have been established over the last 10
years. For example, the interferon-gamma (IFN-y) ELISPOT
assay is useful as an immunological readout because the
secretion of IFN-y from antigen-specific T cells is a good
correlate of protection against M. tuberculosis. Furthermore,
the ELISPOT assay is a very reproducible and sensitive
method of quantifying the number of IFN-vy secreting antigen-
specific T cells. An immune response can also be measured by
way of measuring an antibody titer that is specific for an
antigen.
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In one embodiment, the invention provides a polynucle-
otide sequence, or a vector, or a fusion protein or an immu-
nogenic composition of the invention (as described above) for
use in stimulating or inducing an immune response in a sub-
ject.

In one embodiment, the invention provides use of a poly-
nucleotide sequence, or a vector, or a fusion protein or an
immunogenic composition of the invention (as described
above) in the manufacture of a medicament for stimulating or
inducing an immune response in a subject.

In the context of the therapeutic uses and methods, a ‘sub-
ject’is any animal subject that would benefit from stimulation
or induction of an immune response against mycobacteria,
such as M. tuberculosis. Typical animal subjects are mam-
mals, such as primates, for example, human, bovine, porcine,
ovine, caprine, equine, corvine, canine or feline subjects. In
one embodiment, the subject is a human, a cow, a pig, a horse,
a badger or a fox.

In one embodiment, the invention provides a polynucle-
otide sequence, or a vector, or a fusion protein or an immu-
nogenic composition of the invention (as described above) for
use in the treatment or prevention of a mycobacterial infec-
tion, such as a M. tuberculosis infection.

The positive immunogenicity results achieved with fusions
of'the present invention (see Example 3 and FIGS. 1-6 below)
are most surprising and unexpected. For example, in contrast
to the present invention, fusions of SEQ ID NO: 1 with
malarial antigens did not result in an enhanced immune
response (see Example 3 and FIG. 7 below). Even more
surprising is that the positive immunogenicity towards the
mycobacterial antigen observed in mice was also observed in
primates.

In one embodiment, the invention provides use of a poly-
nucleotide sequence, or a vector, or a fusion protein or an
immunogenic composition of the invention (as described
above) for the manufacture of a medicament for the treatment
or prevention of a mycobacterial infection, such as a M.
tuberculosis infection.

The present invention also provides a method of stimulat-
ing or inducing an immune response in a subject comprising
administering to the subject a polynucleotide sequence of the
invention, or vector of the invention, or fusion protein of the
invention, or immunogenic composition of the invention (as
described above).

Thus, in one embodiment, the method of stimulating or
inducing an immune response in a subject comprises admin-
istering a polynucleotide sequence of the invention, or a vec-
tor of the invention, or a fusion protein of the invention, or an
immunogenic composition of the invention (as described
above) to a subject.

In one embodiment, the present invention provides a
method for treating or preventing mycobacterial infection,
such as a M. tuberculosis infection.

In one embodiment, the method for treating or preventing
mycobacterial infection, such as a M. tuberculosis infection
comprises administering a polynucleotide sequence of the
invention, or a vector of the invention, or a fusion protein of
the invention, or an immunogenic composition of the inven-
tion (as described above) to a subject.

In one embodiment, the method of stimulating or inducing
an immune response in a subject comprises administering a
polynucleotide sequence of the invention, or a vector of the
invention, or a fusion protein of the invention, or an immu-
nogenic composition of the invention (as described above) to
a subject, wherein said polynucleotide sequence, or vector, or
fusion protein, or immunogenic composition is administered
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substantially prior to, simultaneously with or subsequent to
another immunogenic composition.

In one embodiment, the method for treating or preventing
mycobacterial infection, such as a M. tuberculosis infection
in a subject comprises administering a polynucleotide
sequence of the invention, or a vector of the invention, or a
fusion protein of the invention, or an immunogenic compo-
sition of the invention (as described above) to a subject,
wherein said polynucleotide sequence, or vector, or fusion
protein, or immunogenic composition is administered sub-
stantially prior to, simultaneously with or subsequent to
administration of another immunogenic composition.

In one embodiment, the method for treating or preventing
mycobacterial infection, such as M. tuberculosis infection in
a subject comprises administering a polynucleotide sequence
of the invention, or a vector of the invention, or a fusion
protein of the invention, or an immunogenic composition of
the invention as a booster vaccine compositionup to 1, 2, 3, 4
or 5 years after administration of priming vaccine composi-
tion.

Inone embodiment, the priming vaccine composition com-
prises or encodes a second mycobacterial antigen (eg. BCG).

Prior, simultaneous, and sequential administration regimes
including “prime-boost” vaccination regimes are discussed
in more detail later in the specification.

The polynucleotide sequence, or vector, or fusion protein,
or immunogenic composition of the present invention may be
useful for inducing a range of immune responses and may
therefore be useful in methods for treating a range of diseases.

In one embodiment, polynucleotide sequence, or vector, or
fusion protein, or immunogenic composition of the present
invention are useful for treating or preventing a range of
non-mycobacterial diseases in which mycobacteria are impli-
cated. For example, diseases that may benefit from the medi-
cament of the invention include inflammatory diseases such
as autoimmune disease, cancer (eg. bladder cancer), inflam-
matory bowel disease, Crohn’s Disease, Johne’s Disease,
Hansen’s Disease, osteomyelitis, lymphadenitis, smallpox or
monkeypox.

As used herein, the term “treatment” or “treating”
embraces therapeutic or preventative/prophylactic measures,
and includes post-infection therapy and amelioration of a
mycobacterial infection.

As used herein, the term “preventing” includes preventing
the initiation of a mycobacterial infection and/or reducing the
severity or intensity of a mycobacterial infection.

A polynucleotide sequence, or vector, or fusion protein, or
immunogenic composition of the invention (as described
above) may be administered to a subject (typically a mam-
malian subject such as ahuman, a cow, a pig, ahorse, a badger
or a fox) already having a mycobacterial infection, condition
or symptoms associated with a mycobacterial infection, to
treat or prevent said mycobacterial infection. In one embodi-
ment, the subject is suspected of having come in contact with
mycobacteria, or has had known contact with mycobacteria,
but is not yet showing symptoms of exposure.

When administered to a subject (eg. a mammal such as a
human, a cow, a pig, a horse, a badger or a fox) that already
has a mycobacterial infection or disease, or is showing symp-
toms associated with a mycobacterial infection, the poly-
nucleotide sequence, or vector, or fusion protein, or immu-
nogenic composition of the invention (as previously
described) can cure, delay, reduce the severity of, or amelio-
rate one or more symptoms, and/or prolong the survival of a
subject beyond that expected in the absence of such treat-
ment.
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Alternatively, a polynucleotide sequence, or vector, or
fusion protein, or immunogenic composition of the invention
(as described above) may be administered to a subject (eg. a
mammal such as a human, a cow, a pig, a horse, a badger or a
fox) who ultimately may acquire a mycobacterial infection, in
order to prevent, cure, delay, reduce the severity of, or ame-
liorate one or more symptoms of said mycobacterial infec-
tion, or in order to prolong the survival of a subject beyond
that expected in the absence of such treatment.

In one embodiment, the subject has previously been
exposed to mycobacteria. For example, the subject may have
had a mycobacterial infection in the past (but is optionally not
currently infected with mycobacteria). The subject may be
latently infected with mycobacteria. Alternatively, or in addi-
tion, the subject may have been vaccinated against mycobac-
terial infection in the past (eg. the subject has previously
received a BCG vaccination).

The treatments and preventative therapies of the present
invention are applicable to a variety of different subjects of
different ages. In the context of humans, the therapies are
applicable to children (eg. infants, children under 5 years old,
older children or teenagers) and adults. In the context of other
animal subjects (eg. mammals such as cows, pigs, horses,
badgers or foxes), the therapies are applicable to immature
subjects (eg. calves, piglets, foals) and mature/adult subjects.
The treatments and preventative therapies of the present
invention are applicable to subjects who are immunocompro-
mised or immunosuppressed (eg. human patients who have
HIV or AIDS, or other animal patients with comparable
immunodeficiency diseases), subjects who have undergone
an organ transplant, bone marrow transplant, or who have
genetic immuno-deficiencies.

The polynucleotides, fusion proteins, vectors and immu-
nogenic compositions of the invention (as described above)
can all be employed as vaccines.

As used, herein, a “vaccine” is a formulation that, when
administered to an animal subject such as a mammal (eg.
human, a cow, a pig, a horse, a badger, a fox, a sheep, a goat,
a crow, a dog or a cat) stimulates a protective immune
response against mycobacterial infection. The immune
response may be a humoral and/or cell-mediated immune
response. A vaccine of the invention can be used, for example,
to protect an animal from the effects of mycobacterial inven-
tion (eg. M. tuberculosis infection).

The term “vaccine” is herein used interchangeably with the
terms “therapeutic/prophylactic composition”, “formula-
tion” or “medicament”.

The vaccine of the invention (as defined above) in addition
to a pharmaceutically acceptable carrier can further be com-
bined with one or more of a salt, excipient, diluent, adjuvant,
immunoregulatory agent and/or antimicrobial compound.

The polynucleotide, or vector, or fusion protein or immu-
nogenic composition of the invention may be formulated into
a vaccine as neutral or salt forms. Pharmaceutically accept-
able salts include acid addition salts formed with inorganic
acids such as, for example, hydrochloric or phosphoric acids,
or with organic acids such as acetic, oxalic, tartaric, maleic,
and the like. Salts formed with the free carboxyl groups may
also be derived from inorganic bases such as, for example,
sodium, potassium, ammonium, calcium, or ferric hydrox-
ides, and such organic bases as isopropylamine, trimethy-
lamine, 2-ethylamino ethanol, histidine, procaine, and the
like.

Administration of immunogenic compositions, therapeu-
tic formulations, medicaments and prophylactic formulations
(eg. vaccines) is generally by conventional routes e.g. intra-
venous, subcutaneous, intraperitoneal, or mucosal routes.
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The administration may be by parenteral injection, for
example, a subcutaneous or intramuscular injection. Formu-
lations comprising neutralizing antibodies may be particu-
larly suited to administration intravenously, intramuscularly,
intradermally, or subcutaneously.

Accordingly, immunogenic compositions, therapeutic for-
mulations, medicaments and prophylactic formulations (eg.
vaccines) of the invention are typically prepared as
injectables, either as liquid solutions or suspensions. Solid
forms suitable for solution in, or suspension in, liquid prior to
injection may alternatively be prepared. The preparation may
also be emulsified, or the peptide encapsulated in liposomes
or microcapsules.

The active immunogenic ingredients are often mixed with
excipients which are pharmaceutically acceptable and com-
patible with the active ingredient. Suitable excipients are, for
example, water, saline, dextrose, glycerol, ethanol, or the like
and combinations thereof. In addition, if desired, the vaccine
may contain minor amounts of auxiliary substances such as
wetting or emulsifying agents, pH buffering agents, and/or
adjuvants which enhance the effectiveness of the vaccine.

Generally, the carrier is a pharmaceutically-acceptable car-
rier. Non-limiting examples of pharmaceutically acceptable
carriers include water, saline, and phosphate-buffered saline.
In some embodiments, however, the composition is in lyo-
philized form, in which case it may include a stabilizer, such
as BSA. In some embodiments, it may be desirable to formu-
late the composition with a preservative, such as thiomersal or
sodium azide, to facilitate long term storage.

Examples of additional adjuvants which may be effective
include but are not limited to: complete Freunds adjuvant
(CFA), Incomplete Freunds adjuvant (IVA), Saponin, a puri-
fied extract fraction of Saporin such as Quil A, a derivative of
Saporin such as QS-21, lipid particles based on Saponin such
as ISCOM/ISCOMATIX, E. coli heat labile toxin (LT)
mutants such as LTK63 and/or LTK72, aluminium hydrox-
ide, N-acetyl-muramyl-L-threonyl-D-isoglutamine (thr-
MDP), N-acetyl-nor-muramyl-[-alanyl-D-isoglutamine
(CGP 11637, referred to as nor-MDP), N-acetylmuramyl-L-
alanyl-D-isoglutaminyl-L-alanine-2-(1'-2'-dipalmitoyl-sn-
glycero-3-hydroxyphosphoryl  oxy)-ethylamine  (CGP
19835A, referred to as MTP-PE), and RIBI, which contains
three components extracted from bacteria, monophosphoryl
lipid A, trehalose dimycolate and cell wall skeleton (MPL+
TDM+CWS) in a 2% squalene/Tween 80 emulsion.

Examples of buffering agents include, but are not limited
to, sodium succinate (pH 6.5), and phosphate buffered saline
(PBS; pH 6.5 and 7.5).

Additional formulations which are suitable for other
modes of administration include suppositories and, in some
cases, oral formulations or formulations suitable for distribu-
tion as aerosols. For suppositories, traditional binders and
carriers may include, for example, polyalkylene glycols or
triglycerides; such suppositories may be formed from mix-
tures containing the active ingredient in the range of 0.5% to
10%, preferably 1%-2%.

Oral formulations include such normally employed excipi-
ents as, for example, pharmaceutical grades of mannitol, lac-
tose, starch, magnesium stearate, sodium saccharine, cellu-
lose, magnesium carbonate, and the like. These compositions
take the form of solutions, suspensions, tablets, pills, cap-
sules, sustained release formulations or powders.

In the case of animal subjects such as badgers or foxes, the
formulation may comprise a carrier material to form a “bait”.
A variety of materials can be used to form the carrier material
including both liquid and solid materials. For example, the
carrier can be a food source that is effective to promote
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ingestion and/or attract specific animals. Examples of suit-
able food sources for use in bait formulations include, but are
not limited to, wheat flour, wheat cereal, bran, molasses,
vinegar, agar, gelatin, pet food, wheat, soy products, oats,
corn, vegetable oils, rice, fruits, meat, meat by-products, fish,
fish by-products, sugars, coated vegetable seeds, coated
cereal seeds, dairy products, whey powder, casein, albumen,
blood meal, bone meal, yeasts, fats, beer products, paper
fiber, cellulose and mixtures thereof.

Other suitable additives include attractants and non-food
carriers. Non-food carriers can be used alone or combined
with food materials and/or attractants. Examples of non-food
carriers suitable as additives include cellulose, sand, clay,
silica, polyacrylic acid polymers, polyacrylamide acid poly-
mers, alginate and wax.

In the case of a mycobacterial respiratory infection (eg. a
M. tuberculosis infection), efficient transmission of the thera-
peutic/prophylactic composition or medicament to the site of
infection in the lungs may be achieved by oral or intra-nasal
administration (i.n.). These modes of delivery correspond to
the route of delivery of a M. tuberculosis infection.

Formulations for intranasal administration may in the form
of nasal droplets or a nasal spray. An intranasal formulation
may comprise droplets having approximate diameters in the
range of 100-5000 um, such as 500-4000 um, 1000-3000 pm
or 100-1000 pm. Alternatively, in terms of volume, the drop-
lets may be in the range of about 0.001-100 pl, such as 0.1-50
ul or 1.0-25 pl, or such as 0.001-1 ul.

Alternatively, the therapeutic/prophylactic formulation or
medicament may be an aerosol formulation. The aerosol for-
mulation may take the form of a powder, suspension or solu-
tion. The size of aerosol particles is relevant to the delivery
capability of an aerosol. Smaller particles may travel further
down the respiratory airway towards the alveoli than would
larger particles. In one embodiment, the aerosol particles
have a diameter distribution to facilitate delivery along the
entire length of the bronchi, bronchioles, and alveoli. Alter-
natively, the particle size distribution may be selected to tar-
get a particular section of the respiratory airway, for example
the alveoli. In the case of aerosol delivery of the medicament,
the particles may have diameters in the approximate range of
0.1-50 pm, preferably 1-25 pm, more preferably 1-5 pm.

Aerosol particles may be for delivery using a nebulizer (eg.
via the mouth) or nasal spray. An aerosol formulation may
optionally contain a propellant and/or surfactant.

By controlling the size of the droplets/particles to within
the defined range of the present invention, it is possible to
avoid (or minimize) inadvertent medicament delivery to the
alveoli and thus avoid alveoli-associated pathological prob-
lems such as inflammation and fibrotic scarring of the lungs.

L.n. vaccination engages both T and B cell mediated effec-
tor mechanisms in nasal and bronchus associated mucosal
tissues, which differ from other mucosae-associated lym-
phoid tissues. The protective mechanisms invoked by the
intranasal route of administration may include: the activation
of T lymphocytes with preferential lung homing; up-regula-
tion of co-stimulatory molecules (eg. B7.2); and/or activation
of macrophages or secretory IgA antibodies.

Intranasal delivery of antigens may facilitate the invoking
of'a mucosal antibody response, which is favoured by a shift
in the T cell response toward the Th2 phenotype which helps
antibody production. A mucosal response is characterised by
enhanced IgA production, and a Th2 response is character-
ised by enhanced IL.-4 production.

Intranasal delivery of mycobacterial antigens of the inven-
tion allows targeting of the antigens to sub-mucosal B cells of
the respiratory system. These B cells are the major local
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IgA-producing cells in mammals and intranasal delivery
facilitates a rapid increase in IgA production by these cells
against the mycobacterial antigens.

Therapeutic formulations, medicaments and prophylactic
formulations (eg. vaccines) of the invention comprise a phar-
maceutically acceptable carrier, and optionally one or more
of a salt, excipient, diluent and/or adjuvant.

In one embodiment, the immunogenic composition, thera-
peutic formulation, medicament or prophylactic formulation
(eg. vaccine) of the invention may comprise one or more
immunoregulatory agents selected from, for example, immu-
noglobulins, antibiotics, interleukins (eg. IL.-2, I[.-12), and/or
cytokines (eg. IFNy).

In one embodiment, the immunogenic composition, thera-
peutic formulation, medicament or prophylactic formulation
(eg. vaccine) of the invention may comprise one or more
antimicrobial compounds, such as conventional anti-tubercu-
losis drugs (eg. rifampicin, isoniazid, ethambutol or pyrizina-
mide).

The therapeutic formulation, medicament or prophylactic
formulation (eg. a vaccine) of the invention may be given ina
single dose schedule (ie. the full dose is given at substantially
one time). Alternatively, the therapeutic formulation, medi-
cament or prophylactic formulation (eg. a vaccine) of the
invention may be given in a multiple dose schedule.

A multiple dose schedule is one in which a primary course
oftreatment (eg. vaccination) may be with 1-6 separate doses,
followed by other doses given at subsequent time intervals
required to maintain and or reinforce the immune response,
for example (for human subjects), at 1-4 months for a second
dose, and if needed, a subsequent dose(s) after a further 1-4
months.

The dosage regimen will be determined, at least in part, by
the need of the individual and be dependent upon the judg-
ment of the practitioner (eg. doctor or veterinarian).

Simultaneous administration means administration at
(substantially) the same time.

Sequential administration of two or more compositions/
therapeutic agents/vaccines means that the compositions/
therapeutic agents/vaccines are administered at (substan-
tially) different times, one after the other.

For example, in one embodiment, the vaccine of the
present invention may be administered as part of a ‘prime-
boost’ vaccination regime.

Prime-boost vaccination regimes involve: Priming—ie.
exposing a subject to one or more antigens or a vaccine; and
subsequently: Boosting—ie. exposing the subject to one or
more antigens or a vaccine. The ‘boost’ antigens/vaccine is
typically different from the ‘primer’ antigens/vaccine (known
as “heterologous” prime-boost). In this regard, heterologous
prime-boost immunization strategies have been shown to
induce higher levels of effector T cell responses in subjects as
compared with homologous boosting with the same vaccine.
For example, repeated vaccination with conventional vac-
cines such as BCG does not appear to further enhance pro-
tection against TB. However, incorporating BCG into a het-
erologous prime-boost regime may retain the protective
effects of BCG.

Thus, in one embodiment the invention provides a method
of vaccination against mycobacterial infection comprising
‘priming’ a subject’s immune system by administration of a
heterologous conventional vaccine (eg. BCG vaccine) and
then ‘boosting’ the subject’s immune system by administra-
tion of the vaccine of the present invention. In one embodi-
ment, the invention provides a method of vaccination against
mycobacterial infection comprising administering the vac-
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cine of the present invention to a subject that has been pre-
exposed to aheterologous conventional vaccine such as BCG.

Alternatively, a subject’s immune system may be ‘primed’
by administration of the vaccine of the present invention, and
then ‘boosted’ by administration of a heterologous conven-
tional vaccine (eg. BCG vaccine). Accordingly, in one
embodiment, the vaccine is administered to a subject that is
subsequently to be exposed to a heterologous conventional
vaccine such as BCG.

The ‘priming’ step may be carried out on the subject at any
age—in the case of mammalian subjects (eg. humans, cows,
pigs, horses, badgers, foxes, sheep, goats, crows, dogs or
cats), priming with BCG is conventionally carried out neo-
natally, or during infancy, adolescence or adulthood. The
‘boosting’ step may be carried out at any time after the ‘prim-
ing’ step. In the case of mammalian subjects (eg. humans,
cows, pigs, horses, badgers, foxes, sheep, goats, crows, dogs
or cats), a boosting step may be carried out at leastabout 1, 2,
3,4,5,6,7,8,9 or 10 weeks after the priming step, or at least
about 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 30, 33, 36,
39, 40, 44, 48, 50, 54 or 60 months after the priming step, or
atleast about 1, 2,3, 4, or 5, oreven 10, 15, 20, 25, 30, 35, or
40 or more years after the boosting step. In one embodiment,
for a human subject, the priming step is carried out during
infancy and the boosting step is carried out during adoles-
cence.

In one embodiment, the therapeutic formulation, medica-
ment or prophylactic formulation (eg. a vaccine) of the inven-
tion can be administered to a subject such as a mammal (eg. a
human, bovine, porcine, ovine, caprine, equine, corvine,
canine or feline subject) in conjunction with (simultaneously
or sequentially) one or more immunoregulatory agents
selected from, for example, immunoglobulins, antibiotics,
interleukins (eg. 1[.-2, IL.-12), and/or cytokines (eg. IFNy).

In one embodiment, the therapeutic formulation, medica-
ment or prophylactic formulation (eg. vaccine) of the inven-
tion can be administered to a subject such as a mammal (eg. a
human, bovine, porcine, ovine, caprine, equine, corvine,
canine or feline subject) in conjunction with (simultaneously
or sequentially) one or more antimicrobial compounds, such
as conventional anti-tuberculosis drugs (eg. rifampicin, iso-
niazid, ethambutol or pyrizinamide).

The therapeutic formulation, medicament or prophylactic
formulation (eg. vaccine) may contain 5% to 95% of active
ingredient, such as at least 10% or 25% of active ingredient,
or at least 40% of active ingredient or at least 50, 55, 60, 70 or
75% active ingredient.

The therapeutic formulation, medicament or prophylactic
formulation (eg. a vaccine) is administered in a manner com-
patible with the dosage formulation, and in such amount as
will be prophylactically and/or therapeutically effective.

In this regard, as used herein, an “effective amount” is a
dosage or amount that is sufficient to achieve a desired bio-
logical outcome. As used herein, a “therapeutically effective
amount” is an amount which is effective, upon single or
multiple dose administration to a subject (such as a mam-
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mal—eg. human, a cow, a pig, a horse, a badger, a fox, a
sheep, a goat, a crow, a dog or a cat) for treating, preventing,
curing, delaying, reducing the severity of, ameliorating at
least one symptom of a disorder or recurring disorder, or
prolonging the survival of the subject beyond that expected in
the absence of such treatment.

Accordingly, the quantity of active ingredient to be admin-
istered, which is generally in the range of 5 micrograms to 250
micrograms of antigen per dose (or higher if delivered orally
or in the form of viral vectors), depends on the subject to be
treated, capacity of the subject’s immune system to generate
a protective immune response, and the degree of protection
desired. Precise amounts of active ingredient required to be
administered may depend on the judgment of the practitioner
and may be particular to each subject.

The present invention encompasses polypeptides that are
substantially homologous to polypeptides based on any one
of the reference SEQ ID NOs identified in this application
(including fragments thereof). The terms “sequence identity”
and “sequence homology” are considered synonymous in this
specification.

By way of example, a polypeptide of interest may comprise
an amino acid sequence having at least 70, 75, 80, 82, 84, 86,
88, 90, 92, 94, 96, 98, 99 or 100% amino acid sequence
identity with the amino acid sequence of a reference polypep-
tide.

There are many established algorithms available to align
two amino acid sequences.

Typically, one sequence acts as a reference sequence, to
which test sequences may be compared. The sequence com-
parison algorithm calculates the percentage sequence identity
for the test sequence(s) relative to the reference sequence,
based on the designated program parameters. Alignment of
amino acid sequences for comparison may be conducted, for
example, by computer implemented algorithms (eg. GAP,
BESTFIT, FASTA or TFASTA), or BLAST and BLAST 2.0
algorithms.

The BLOSUMG62 table shown below is an amino acid
substitution matrix derived from about 2,000 local multiple
alignments of protein sequence segments, representing
highly conserved regions of more than 500 groups of related
proteins (Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA
89:10915-10919, 1992; incorporated herein by reference).
Amino acids are indicated by the standard one-letter codes.
The percent identity is calculated as:

(Total number of identical matches)

x 100
[length of the longer sequences plus the

number of gaps Introduced into the longer
sequence in order to align the two sequences]

BLOSUMG62 Table

A R N D C Q E G H I

L X M F P S§ T W Y V

A 4
R -1 5

N -2 0 6
D -2 -2 1
c 0 -3 -3
Q -1 1 0
E -1 0 0
G 0 -2 0

-3

9
-3 5
-4 2 5
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A R NDO CO QETGHT11I L KMTF P T W Y V
H -2 0 1 -1-3 0 0 -2 8
I -1 -3 -3 -3 -1 -3 -3 -4 -3 4
L -1 -2 -3 -4 -1 =2 -3 -4 -3 2 4
K -1 2 0-1-3 1 1 -2 -1 -3 =2 5
M -1 -1 =2 3 -1 0 -2 -3 =2 1 2 -1 5
F -2 -3 -3 -3 -2 -3 -3-3-1 0 023 0 6
P -1 -2 =2 -1 =3 -1 -1 =2 =2 -3 =3 -1 -2 -4 7
S 1 -1 1 0-1 0 0 0-1-2-2 0-1-2-1 4
T 0 -1 0 -1 -1 -1 -1 =2 =2 -1 -1 -1 -1 =2 -1 1 5
W -3 -3 -4 -4 -2 -2 -3 -2 -2 -3 -2 -3 -1 1 -4 -3 -2 11
Y 2 -2 -2 -3 =2 -1 =2 -3 2 -1 -1 =2 -1 3 -3 =2 =2 2 7
v 0 -3 =3 =3 -1 =2 =2 -3 -3 3 | -2 1 -1 =2 =2 0 -3 -1 4

In a homology comparison, the identity may exist over a
region of the sequences that is at least 10 amino acid residues
inlength (eg. atleast 15, 20,30, 40, 50,75, 100, 150, 200, 250,
300, 350, 400, 450, 500, 550, 600, 650 or 685 amino acid
residues in length—eg. up to the entire length of the reference
sequence.

Substantially homologous polypeptides have one or more
amino acid substitutions, deletions, or additions. In many
embodiments, those changes are of a minor nature, for
example, involving only conservative amino acid substitu-
tions. Conservative substitutions are those made by replacing
one amino acid with another amino acid within the following
groups: Basic: arginine, lysine, histidine; Acidic: glutamic
acid, aspartic acid; Polar: glutamine, asparagine; Hydropho-
bic: leucine, isoleucine, valine; Aromatic: phenylalanine,
tryptophan, tyrosine; Small: glycine, alanine, serine, threo-
nine, methionine. Substantially homologous polypeptides
also encompass those comprising other substitutions that do
not significantly affect the folding or activity of the polypep-
tide; small deletions, typically of 1 to about 30 amino acids
(such as 1-10, or 1-5 amino acids); and small amino- or
carboxyl-terminal extensions, such as an amino-terminal
methionine residue, a small linker peptide of up to about
20-25 residues, or an affinity tag.

The polypeptides of the invention may also comprise non-
naturally occurring amino acid residues. In this regard, in
addition to the 20 standard amino acids, non-standard amino
acids (such as 4-hydroxyproline, 6-N-methyl lysine, 2-ami-
noisobutyric acid, isovaline and c.-methyl serine) may be
substituted for amino acid residues of the mycobacterial
polypeptides of the present invention. A limited number of
non-conservative amino acids, amino acids that are not
encoded by the genetic code, and unnatural amino acids may
be substituted for mycobacterial polypeptide amino acid resi-
dues. Non-naturally occurring amino acids include, without
limitation, trans-3-methylproline, 2,4-methano-proline, cis-
4-hydroxyproline, trans-4-hydroxy-proline, N-methylgly-
cine, allo-threonine, methyl-threonine, hydroxy-ethylcys-
teine, hydroxyethylhomo-cysteine, nitro-glutamine,
homoglutamine, pipecolic acid, tert-leucine, norvaline,
2-azaphenylalanine, 3-azaphenyl-alanine, 4-azaphenyl-ala-
nine, and 4-fluorophenylalanine.

Several methods are known in the art for incorporating
non-naturally occurring amino acid residues into polypep-
tides. For example, an in vitro system can be employed
wherein nonsense mutations are suppressed using chemically
aminoacylated suppressor tRNAs. Methods for synthesizing
amino acids and aminoacylating tRNA are known in the art.
Transcription and translation of plasmids containing non-
sense mutations can be carried out in a cell free system com-
prising an E. coli S30 extract and commercially available
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enzymes and other reagents. Peptides can be, for instance,
purified by chromatography. In a second method, translation
is carried out in Xenopus oocytes by microinjection of
mutated mRNA and chemically aminoacylated suppressor
tRNAs. Within a third method, E. col/i cells are cultured in the
absence of a natural amino acid that is to be replaced (e.g.,
phenylalanine) and in the presence of the desired non-natu-
rally occurring amino acid(s) (e.g., 2-azaphenylalanine, 3aza-
phenylalanine, 4-azaphenylalanine, or 4-fluorophenylala-
nine). The non-naturally occurring amino acid is incorporated
into the polypeptide in place of its natural counterpart. Natu-
rally occurring amino acid residues can be converted to non-
naturally occurring species by in vitro chemical modification.
Chemical modification can be combined with site-directed
mutagenesis to further expand the range of substitutions.

Essential amino acids, such as those in the polypeptides of
the present invention, can be identified according to proce-
dures known in the art, such as site-directed mutagenesis or
alanine-scanning mutagenesis. Sites of biological interaction
can also be determined by physical analysis of structure, as
determined by such techniques as nuclear magnetic reso-
nance, crystallography, electron diffraction or photoaffinity
labeling, in conjunction with mutation of putative contact site
amino acids. The identities of essential amino acids can also
be inferred from analysis of homologies with related family
members of the polypeptide of interest.

Multiple amino acid substitutions can be made and tested
using known methods of mutagenesis and screening. Meth-
ods are known for simultaneously randomizing two or more
positions in a polypeptide, selecting for functional polypep-
tide, and then sequencing the mutagenized polypeptides to
determine the spectrum of allowable substitutions at each
position. Other methods that can be used include phage dis-
play.

Routine deletion analyses of nucleic acid molecules can be
performed to obtain functional fragments of a nucleic acid
molecule that encodes a polypeptide of the invention. As an
illustration, DNA molecules can be digested with Bal31
nuclease to obtain a series of nested deletions. These DNA
fragments are then inserted into expression vectors in proper
reading frame, and the expressed polypeptides are isolated
and tested for the desired activity. An alternative to exonu-
clease digestion is to use oligonucleotide-directed mutagen-
esis to introduce deletions, or stop codons to specify produc-
tion of a desired fragment. Alternatively, particular
polynucleotide fragments can be synthesized using the poly-
merase chain reaction.

A mutant of a polypeptide of the invention may contain one
or more analogs of an amino acid (eg. an unnatural amino
acid), or a substituted linkage, as compared with the sequence
of the reference polypeptide. In a further embodiment, a
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polypeptide of interest may be a mimic of the reference
polypeptide, which mimic reproduces at least one epitope of
the reference polypeptide.

Mutants of the disclosed polynucleotide and polypeptide
sequences of the invention can be generated through DNA
shuffling. Briefly, mutant DNAs are generated by in vitro
homologous recombination by random fragmentation of a
parent DNA followed by reassembly using PCR, resulting in
randomly introduced point mutations. This technique can be
modified by using a family of parent DNAs, to introduce
additional variability into the process. Selection or screening
for the desired activity, followed by additional iterations of
mutagenesis and assay provides for rapid “evolution” of
sequences by selecting for desirable mutations while simul-
taneously selecting against detrimental changes.

Mutagenesis methods as disclosed above can be combined
with high-throughput screening methods to detect activity of
cloned mutant polypeptides. Mutagenized nucleic acid mol-
ecules that encode polypeptides of the invention, or fragments
thereof, can be recovered from the host cells and rapidly
sequenced using modern equipment. These methods allow
the rapid determination ofthe importance of individual amino
acid residues in a polypeptide of interest, and can be applied
to polypeptides of unknown structure.

A “fragment” of a polypeptide of interest comprises a
series of consecutive amino acid residues from the sequence
of said polypeptide. By way of example, a “fragment” of a
polypeptide of interest may comprise (or consist of) at least
10 consecutive amino acid residues from the sequence of said
polypeptide (eg. at least 15, 20, 25, 28, 30, 35, 40, 45, 50, 55,
75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350,
375, 400 or 412 consecutive amino acid residues of said
polypeptide). A fragment may include at least one epitope of
the polypeptide of interest.

A polypeptide of interest, or fragment, may possess the
active site of the reference polypeptide.

The polypeptide of interest, or fragment thereof, may have
a common antigenic cross-reactivity and/or substantially the
same in vivo biological activity as the reference peptide. For
example, the polypeptides, or polypeptide fragments, and
reference polypeptides share a common ability to induce a
“recall response” of a T-lymphocyte (eg. CD4+, CD8+, effec-
tor T cell or memory T cell such as a TEM or TCM), which has
been previously exposed to an antigenic component of a
mycobacterial infection.

New immunological assays for measuring and quantifying
T cell responses have been established over the last 10 years.
For example, the interferon-gamma (IFN-y) ELISPOT assay
is useful as an immunological readout because the secretion
of IFN-y from antigen-specific T cells is a good correlate of
protection against M. tuberculosis. Furthermore, the
ELISPOT assay is a very reproducible and sensitive method
of quantitying the number of IFN-y secreting antigen-specific
T cells.

As used herein, the terms “nucleic acid sequence” and
“polynucleotide” are used interchangeably and do not imply
any length restriction. As used herein, the terms “nucleic
acid” and “nucleotide” are used interchangeably. The terms
“nucleic acid sequence” and “polynucleotide” embrace DNA
(including ¢cDNA) and RNA sequences. As used herein, the
terms “amino acid sequence” and “polypeptide” are used
interchangeably and do not imply any length restriction.

The polynucleotide sequences of the present invention
include nucleic acid sequences that have been removed from
their naturally occurring environment, recombinant or cloned
DNA isolates, and chemically synthesized analogues or ana-
logues biologically synthesized by heterologous systems.
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The polynucleotides of the present invention may be pre-
pared by any means known in the art. For example, large
amounts of the polynucleotides may be produced by replica-
tion in a suitable host cell. The natural or synthetic DNA
fragments coding for a desired fragment will be incorporated
into recombinant nucleic acid constructs, typically DNA con-
structs, capable of introduction into and replication in a
prokaryotic or eukaryotic cell. Usually the DNA constructs
will be suitable for autonomous replication in a unicellular
host, such as yeast or bacteria, but may also be intended for
introduction to and integration within the genome of a cul-
tured insect, mammalian, plant or other eukaryotic cell lines.

The polynucleotides of the present invention may also be
produced by chemical synthesis, eg. by the phosphoramidite
method or the triester method, and may be performed on
commercial automated oligonucleotide synthesizers. A
double-stranded fragment may be obtained from the single
stranded product of chemical synthesis either by synthesizing
the complementary strand and annealing the strand together
under appropriate conditions or by adding the complemen-
tary strand using DNA polymerase with an appropriate
primer sequence.

When applied to a nucleic acid sequence, the term “iso-
lated” in the context of the present invention denotes that the
polynucleotide sequence has been removed from its natural
genetic milieu and is thus free of other extraneous or
unwanted coding sequences (but may include naturally
occurring 5' and 3' untranslated regions such as promoters and
terminators), and is in a form suitable for use within geneti-
cally engineered protein production systems. Such isolated
molecules are those that are separated from their natural
environment.

Methods for isolating nucleic acid sequences are known in
the art.

A nucleic acid sequence encoding a polypeptide of the
invention can be obtained by conventional cloning proce-
dures, such as PCR, or can be synthesized using nucleic acid
synthesis machines. An alternative way to prepare a full-
length polynucleotide is to synthesize a specified set of over-
lapping oligonucleotides (eg. 40 to 100 nucleotides), as
described (for example) in Glick & Pasternak, Molecular
Biotechnology, Principles & Applications of Recombinant
DNA, (1994). Other sequences may be added that contain
signals for proper initiation and termination of transcription
and translation.

Inview of the degeneracy of the genetic code, considerable
sequence variation is possible among the polynucleotides of
the present invention. Degenerate codons encompassing all
possible codons for a given amino acid are set forth below:

Amino Acid Codons Degenerate Codon
Cys TGC TGT TGY
Ser AGC AGT TCA TCC TCG TCT WSN
Thr ACA ACC ACG ACT ACN
Pro CCA CCC CCG CCT CCN
Ala GCA GCC GCG GCT GCN
Gly GGA GGC GGG GGT GGN
Asn AAC AAT AAY
Asp GAC GAT GAY
Glu GAA GAG GAR
Gln CAA CAG CAR
His CAC CAT CAY
Arg AGA AGG CGA CGC CGG CGT  MGN
Lys AAAAAG AAR
Met ATG ATG
Ile ATA ATC ATT ATH
Leu CTA CTC CTG CTT TTA TTG YTN
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Amino Acid Codons Degenerate Codon
Val GTA GTC GTG GTIT GTN
Phe TTC TTT TTY
Tyr TAC TAT TAY
Trp TGG TGG
Ter TAA TAG TGA TRR
Asn/Asp RAY
Glu/GIn SAR
Any NNN

One of ordinary skill in the art will appreciate that some
ambiguity is introduced in determining a degenerate codon,
representative of all possible codons encoding each amino
acid. For example, some polynucleotides encompassed by the
degenerate sequence may encode variant amino acid
sequences, but one of ordinary skill in the art can easily
identify such variant sequences by reference to the amino acid
sequences of the present invention.

A “variant” nucleic acid sequence has substantial homol-
ogy or substantial similarity to a reference nucleic acid
sequence (or a fragment thereof). A nucleic acid sequence or
fragment thereof'is “substantially homologous” (or “substan-
tially identical”) to a reference sequence if, when optimally
aligned (with appropriate nucleotide insertions or deletions)
with the other nucleic acid (or its complementary strand),
there is nucleotide sequence identity in at least about 70%,
75%, 80%, 82, 84, 86, 88, 90, 92, 94, 96, 98 or 99% of the
nucleotide bases. Homology determination is performed as
described supra for polypeptides.

Alternatively, a “variant” nucleic acid sequence is substan-
tially homologous with (or substantially identical to) a refer-
ence sequence (or a fragment thereof) if the “variant” and the
reference sequence they are capable of hybridizing under
stringent (eg. highly stringent) hybridization conditions.
Nucleic acid sequence hybridization will be affected by such
conditions as salt concentration (eg. NaCl), temperature, or
organic solvents, in addition to the base composition, length
of the complementary strands, and the number of nucleotide
base mismatches between the hybridizing nucleic acids, as
will be readily appreciated by those skilled in the art. Strin-
gent temperature conditions are preferably employed, and
generally include temperatures in excess of 30° C., typically
in excess of 37° C. and preferably in excess of 45° C. Strin-
gent salt conditions will ordinarily be less than 1000 mM,
typically less than 500 mM, and preferably less than 200 mM.
The pH is typically between 7.0 and 8.3. The combination of
parameters is much more important than any single param-
eter.

One of ordinary skill in the art appreciates that different
species exhibit “preferential codon usage”. As used herein,
the term “preferential codon usage” refers to codons that are
most frequently used in cells of a certain species, thus favor-
ing one or a few representatives of the possible codons encod-
ing each amino acid. For example, the amino acid threonine
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(Thr) may be encoded by ACA, ACC, ACG, or ACT, but in
mammalian host cells ACC is the most commonly used
codon; in other species, different Thr codons may be prefer-
ential. Preferential codons for a particular host cell species
can be introduced into the polynucleotides of the present
invention by a variety of methods known in the art. Conven-
tional methods for codonoptimization are well known in the
art and are routine techniques within the ordinary level of a
person skilled in the art. By way of example, there exists an
abundance of freely available software tools for codon-opti-
mizing a sequence of interest for expression in a particular
host. OPTIMIZER is just such a tool and is available at the
OPTIMIZER website (Puigbo et al. Nucl. Acids Res. (2007)
35 (suppl 2): W126-W131). Introduction of preferential
codon sequences into recombinant DNA can, for example,
enhance production of the protein by making protein transla-
tion more efficient within a particular cell type or species.

Thus, in one embodiment of the invention, the nucleic acid
sequence is codon optimized for expression in a host cell.

A “fragment” of a polynucleotide of interest comprises a
series of consecutive amino acid residues from the sequence
of said full-length polynucleotide. By way of example, a
“fragment” of a polynucleotide of interest may comprise (or
consist of) at least 30 consecutive nucleic acid residues from
the sequence of said polypeptide (eg. at least 35, 50, 75, 100,
150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700,
750, 800 850, 900, 950, 1000, 1050, 1100, 1150 or 1200
consecutive nucleic acid residues of said polynucleotide). A
fragment may include at least one antigenic determinant and/
or may encode at least one antigenic epitope of the corre-
sponding polypeptide of interest.

A polynucleotide of interest, or variant or fragment thereof,
may encode a polypeptide that has a common antigenic cross-
reactivity and/or substantially the same in vivo biological
activity as a reference peptide.

For example, polypeptides encoded by the polynucleotide
(or fragment or variant), and the reference polynucleotide
may share a common ability to induce a “recall response” of
a T-lymphocyte (eg. CD4+, CD84+, effector T cell or memory
T cell such as a TEM or TCM), which has been previously
exposed to an antigenic component of a mycobacterial infec-
tion.

New immunological assays for measuring and quantifying
T cell responses have been established over the last 10 years.
For example, the interferon-gamma (IFN-y) ELISPOT assay
is useful as an immunological readout because the secretion
of IFN-y from antigen-specific T cells is a good correlate of
protection against M. tuberculosis. Furthermore, the
ELISPOT assay is a very reproducible and sensitive method
of quantifying the number of IFN-y secreting antigen-specific
T cells.

Alternatively, or in addition, an antibody capable of bind-
ing to a polypeptide encoded by the polynucleotide of inter-
est, or fragment or variant, may be also capable of binding to
a polypeptide encoded by the reference polynucleotide.

Key to SEQ ID NOs

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

—

[ o NIV I N W%}

Hybrid C4bp oligomerization domain amino acid sequence
(IMX313)

Hybrid C4bp oligomerization domain polynucleotide sequence
encoding peptide IMX313

Mycobacterial peptide 85A/Rv3804c¢

Mycobacterial peptide 85B/Rv1886¢c

Mycobacterial peptide 85C/Rv0129¢

Mycobacterial peptide ESAT6/Rv3875

Mycobacterial peptide TB10.4/Rv0288

Mycobacterial peptide Rv0125
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SEQID NO: 9 Mycobacterial peptide PPE18/Rv1196

SEQ ID NO: 10 Mycobacterial peptide P27/Rv1411c

SEQID NO: 11 Mycobacterial peptide HSP65/Rv0440

SEQID NO: 12 Mycobacterial peptide HBHA/Rv0475

SEQ ID NO: 13 Mycobacterial peptide Rv2659¢

SEQ ID NO: 14 Mycobacterial peptide Rv2660c

SEQ ID NO: 15 Mycobacterial peptide HspX/Rv2031c

SEQID NO: 16 Mycobacterial peptide RPFA/Rv0867¢

SEQ ID NO: 17 Mycobacterial peptide RPFB/Rv1009

SEQID NO: 18 Mycobacterial peptide RPFC/Rv1884c

SEQ ID NO: 19 Mycobacterial peptide RPFD/Rv2389¢

SEQ ID NO: 20 Mycobacterial peptide RPFE/Rv2450¢

SEQ ID NO: 21 Mycobacterial peptide Rv1733¢

SEQ ID NO: 22 Mycobacterial peptide Rv2029¢

SEQ ID NO: 23 Mycobacterial peptide Rv2032

SEQ ID NO: 24 Mycobacterial peptide Rv2626¢

SEQ ID NO: 25 Mycobacterial peptide Rv2627¢

SEQ ID NO: 26 Mycobacterial peptide Rv2628

SEQ ID NO: 27 Mycobacterial polynucleotide encoding peptide 85A

SEQ ID NO: 28 Mycobacterial polynucleotide encoding peptide 85B

SEQ ID NO: 29 Mycobacterial polynucleotide encoding peptide 85C

SEQ ID NO: 30 Mycobacterial polynucleotide encoding peptide ESAT6

SEQ ID NO: 31 Mycobacterial polynucleotide encoding peptide TB10.4

SEQ ID NO: 32 Mycobacterial polynucleotide encoding peptide Rv0125

SEQ ID NO: 33 Mycobacterial polynucleotide encoding peptide Rv1196

SEQ ID NO: 34 Mycobacterial polynucleotide encoding peptide Rv1411

SEQ ID NO: 35 Mycobacterial polynucleotide encoding peptide HSP65

SEQ ID NO: 36 Mycobacterial polynucleotide encoding peptide HBHA

SEQ ID NO: 37 Mycobacterial polynucleotide encoding peptide Rv2659¢

SEQ ID NO: 38 Mycobacterial polynucleotide encoding peptide Rv2660c

SEQ ID NO: 39 Mycobacterial polynucleotide encoding peptide HspX/Rv2031c

SEQ ID NO: 40 Mycobacterial polynucleotide encoding peptide RPFA/Rv0867¢

SEQ ID NO: 41 Mycobacterial polynucleotide encoding peptide RPFB/Rv1009

SEQ ID NO: 42 Mycobacterial polynucleotide encoding peptide RPFC/Rv1884c¢

SEQ ID NO: 43 Mycobacterial polynucleotide encoding peptide RPFD/Rv2389¢

SEQ ID NO: 44 Mycobacterial polynucleotide encoding peptide RPFE/Rv2450¢c

SEQ ID NO: 45 Mycobacterial polynucleotide encoding peptide Rv1733¢

SEQ ID NO: 46 Mycobacterial polynucleotide encoding peptide Rv2029¢

SEQ ID NO: 47 Mycobacterial polynucleotide encoding peptide Rv2032

SEQ ID NO: 48 Mycobacterial polynucleotide encoding peptide Rv2626¢

SEQ ID NO: 49 Mycobacterial polynucleotide encoding peptide Rv2627¢

SEQ ID NO: 50 Mycobacterial polynucleotide encoding peptide Rv2628

SEQ ID NO: 51 Codon-optimized Mycobacterial polynucleotide encoding
peptide 85A

SEQ ID NO: 52 Mycobacterial peptide 85A encoded by SEQ ID NO: 51

SEQ ID NO: 53 Codon-optimized hybrid C4bp oligomerization domain
polynucleotide sequence encoding peptide IMX313

SEQ ID NO: 54 Codon-optimized nucleotide sequence encoding fusion protein
of Mycobacterial peptide 85A and IMX313 peptide with gly-ser
linker

SEQ ID NO: 55 Fusion protein of Mycobacterial peptide 85A and IMX313
peptide with gly-ser linker encoded by SEQ ID NO: 55

SEQ ID NO: 56 Codon-optimized nucleotide sequence of SEQ ID NO: 27

SEQ ID NO: 57 Mycobacterial polynucleotide encoding Mycobacterial polynucleotide encoding peptide 85 AN SEQ
peptide oIMX1027 SEQ ID NO: 58 Mycobacterial poly- ID NO: 60 Mycobacterial polynucleotide encoding peptide
nucleotide encoding peptide 0IMX1028 SEQ ID NO: 59 85 AC

SEQ ID NO: 1
KKQGDADVCGEVAYIQSVVSDCHVPTAELRTLLEIRKLFLEIQKLKVELQGLSKE

SEQ ID NO: 2
AAGAAGCAAGGTGATGCTGATGTGTGCGGAGAGGTTGCTTATAT TCAGAGCGTCGTCTCCGATTGCCACGTGCCT

ACAGCGGAACTGCGTACTCTGCTGGAAATACGAAAACTCTTCCTGGAGATTCAAAAACTGAAGGTGGAATTGCAA
GGACTGAGCAAGGAGTAATAA

SEQ ID NO: 3
MQLVDRVRGAVTGMSRRLVVGAVGAALVSGLVGAVGGTATAGAF SRPGLPVEYLQVPSPS

MGRDIKVQFQSGGANSPALYLLDGLRAQDDFSGWDINTPAFEWYDQSGLSVVMPVGGQSS
FYSDWYQPACGKAGCQTYKWETFLTSELPGWLOANRHVKPTGSAVVGLSMAASSALTLAT

YHPQQFVYAGAMSGLLDPSQAMGPTLIGLAMGDAGGYKASDMWGPKEDPAWQRNDPLLNV
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GKLIANNTRVWVYCGNGKPSDLGGNNLPAKFLEGFVRTSNIKFQDAYNAGGGHNGVFDFP

DSGTHSWEYWGAQLNAMKPDLORALGATPNTGPAPQGA

MTDVSRKIRAWGRRLMIGTAAAVVLPGLVGLAGGAATAGAFSRPGLPVEYLQVPSPSMGR
DIKVQFQSGGNNSPAVYLLDGLRAQDDYNGWDINTPAFEWYYQSGLSIVMPVGGQSSFYS
DWYSPACGKAGCQTYKWETFLTSELPQWLSANRAVKPTGSAAIGLSMAGSSAMILAAYHP
QQFIYAGSLSALLDPSQGMGPSLIGLAMGDAGGYKAADMWGPS SDPAWERNDPTQQIPKL
VANNTRLWVYCGNGTPNELGGANIPAEFLENFVRSSNLKFQDAYNAAGGHNAVFNFPPNG

THSWEYWGAQLNAMKGDLQSSLGAG

SEQ ID NO:

4

SEQ ID NO 5
MTFFEQVRRLRSAATTLPRRLAIAAMGAVLVYGLVGTFGGPATAGAF SRPGLPVEYLQVPSASMGRDIKVQFQGG

GPHAVYLLDGLRAQDDYNGWD INTPAFEEYYQSGLSVIMPVGGQSSFYTDWYQPSQSNGONYTYKWETFLTREMP

AWLQANKGVSPTGNAAVGLSMSGGSALILAAYYPQQFPYAASLSGFLNPSEGWWPTLI GLAMND SGGYNANSMWG

PSSDPAWKRNDPMVQIPRLVANNTRIWVYCGNGTPSDLGGDNI PAKFLEGLTLRTNQTFRDTYAADGGRNGVENF

PPNGTHSWPYWNEQLVAMKADIQHVLNGATPPAAPAAPAA

MTEQOWNFAGIEAAASATIQGNVTSIHSLLDEGKQSLTKLAAAWGGSGSEAYQGVQQKWDA

TATELNNALONLARTISEAGQAMASTEGNVTGMFA

MSQIMYNYPAMLGHAGDMAGYAGTLQSLGAEIAVEQAALQSAWQGDTGI TYQAWQAQWNQ

AMEDLVRAYHAMSS THEANTMAMMARD TAEAAKWGG

MSNSRRRSLRWSWLLSVLAAVGLGLATAPAQAAPPALSQDRFADFPALPLDPSAMVAQVG

PQVVNINTKLGYNNAVGAGTGIVIDPNGVVLTNNHVIAGATDINAFSVGSGQTYGVDVVG

YDRTQDVAVLQLRGAGGLPSAAIGGGVAVGEPVVAMGNSGGQGGTPRAVPGRVVALGQTV

QASDSLTGAEETLNGLIQFDAAIQPGDSGGPVVNGLGQVVGMNTAASDNFQLSQGGQGFA

IPIGQAMAIAGQIRSGGGSPTVHIGPTAFLGLGVVDNNGNGARVQRVVGSAPAASLGIST

GDVITAVDGAPINSATAMADALNGHHPGDVISVTWQTKSGGTRTGNVTLAEGPPA

MVDFGALPPEINSARMYAGPGSASLVAAAQMWDSVASDLF SAASAFQSVVWGLTVGSWIG

SSAGLMVAAASPYVAWMSVTAGQAELTAAQVRVAAAAYETAYGLTVPPPVIAENRAELMI

LIATNLLGONTPAIAVNEAEYGEMWAQDAAAMFGYAAATATATATLLPFEEAPEMTSAGG

LLEQAAAVEEASDTAAANQLMNNVPQALQQLAQPTQGTTPSSKLGGLWKTVSPHRSPISN

MVSMANNHMSMTNSGVSMTNTLS SMLKGFAPAAAAQAVQTAAQNGVRAMSSLGSSLGSSG

LGGGVAANLGRAASVGSLSVPQAWAAANQAVTPAARALPLTSLTSAAERGPGOMLGGLPV

GOMGARAGGGLSGVLRVPPRPYVMPHSPAAG

MRTPRRHCRRIAVLAAVSIAATVVAGCSSGSKPSGGPLPDAKPLVEEATAQTKALKSAHM

VLTVNGKIPGLSLKTLSGDLTTNPTAATGNVKLTLGGSDIDADFVVEFDGILYATLTPNQW

SDFGPAADIYDPAQVLNPDTGLANVLANFADAKAEGRDTINGONTIRISGKVSAQAVNQI

APPFNATQPVPATVWIQETGDHQLAQAQLDRGSGNSVOMTLSKWGEKVQVTKPPVS

MAKTIAYDEEARRGLERGLNALADAVKVTLGPKGRNVVLEKKWGAPTITNDGVSTAKEIE

LEDPYEKIGAELVKEVAKKTDDVAGDGTTTATVLAQALVREGLRNVAAGANPLGLKRGIE

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:
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33

-continued
KAVEKVTETLLKGAKEVETKEQI AATAAI SAGDQSIGDLIAEAMDKVGNEGYITVEESNT

FGLQLELTEGMRFDKGYISGYFVTDPERQEAVLEDPYILLVSSKVSTVKDLLPLLEKVIG
AGKPLLIIAEDVEGEALSTLVVNKIRGTFKSVAVKAPGFGDRRKAMLOQDMAILTGGQVIS
EEVGLTLENADLSLLGKARKVVVTKDETTIVEGAGD TDATIAGRVAQIRQEIENSDSDYDR
EKLQERLAKLAGGVAVIKAGAATEVELKERKHRI EDAVRNAKAAVEEGIVAGGGVTLLQA
APTLDELKLEGDEATGANIVKVALEAPLKQIAFNSGLEPGVVAEKVRNLPAGHGLNAQTG

VYEDLLAAGVADPVKVTRSALQONAASIAGLFLTTEAVVADKPEKEKASVPGGGDMGGMDE

MAENSNIDDIKAPLLAALGAADLALATVNELI TNLRERAEETRTDTRSRVEESRARLTKL
QEDLPEQLTELREKFTAEELRKAAEGYLEAATSRYNELVERGEAALERLRSQQSFEEVSA
RAEGYVDQAVELTQEALGTVASQTRAVGERAAKLVGIELPKKAAPAKKAAPAKKAAPAKK

AAAKKAPAKKAAAKKVTQK

VTQTGKRQRRKFGRIRQFNSGRWQASY TGPDGRVYIAPKTFNAKIDAEAWLTDRRREIDR
QLWSPASGQEDRPGAPFGEYAEGWLKQRGIKDRTRAHYRKLLDNHILATFADTDLRDITP
AAVRRWYATTAVGTPTMRAHSYSLLRAIMOTALADDLIDSNPCRISGASTARRVHKIRPA
TLDELETITKAMPDPYQAFVLMAAWLAMRYGELTELRRKDIDLHGEVARVRRAVVRVGEG
FKVTTPKSDAGVRDISIPPHLIPAIEDHLHKHVNPGRESLLFPSVNDPNRHLAPSALYRM
FYKARKAAGRPDLRVHDLRHSGAVLAASTGATLAELMQRLGHS TAGAALRYQHAAKGRDR

EIAALLSKLAENQEM

VIAGVDQALAATGQASQRAAGASGGVTVGVGVGTEQRNLSVVAPSQFTFSSRSPDEFVDET

AGQSWCAILGLNQFH

MATTLPVQRHPRSLFPEFSELFAAFPSFAGLRPTFDTRLMRLEDEMKEGRYEVRAELPGV
DPDKDVDIMVRDGQLTIKAERTEQKDFDGRSEFAYGSFVRTVSLPVGADEDDIKATYDKG

ILTVSVAVSEGKPTEKHIQIRSTN

MSGRHRKPTTSNVSVAKIAFTGAVLGGGGIAMAAQATAATDGEWDQVARCESGGNWSINT
GNGYLGGLQF TQSTWAAHGGGEFAPSAQLASREQQIAVGERVLATQGRGAWPVCGRGLSN
ATPREVLPASAAMDAPLDAAAVNGEPAPLAPPPADPAPPVELAANDLPAPLGEPLPAAPA
DPAPPADLAPPAPADVAPPVELAVNDLPAPLGEPLPAAPADPAPPADLAPPAPADLAPPA
PADLAPPAPADLAPPVELAVNDLPAPLGEPLPAAPAELAPPADLAPASADLAPPAPADLA
PPAPAELAPPAPADLAPPAAVNEQTAPGDQPATAPGGPVGLATDLELPEPDPQPADAPPP

GDVTEAPAETPQVSNIAYTKKLWQAIRAQDVCGNDALDSLAQPYVIG

MLRLVVGALLLVLAFAGGYAVAACKTVTLTVDGTAMRVTTMKSRVIDIVEENGFSVDDRD
DLYPAAGVQVHDADTIVLRRSRPLQISLDGHDAKQVWT TASTVDEALAQLAMTDTAPAAA
SRASRVPLSGMALPVVSAKTVQLNDGGLVRTVHLPAPNVAGLLSAAGVPLLQSDHVVPAA
TAPIVEGMQIQVTRNRIKKVTERLPLPPNARRVEDPEMNMSREVVEDPGVPGTQDVTFAV
AEVNGVETGRLPVANVVVTPAHEAVVRVGTKPGTEVPPVIDGS IWDAIAGCEAGGNWAIN
TGNGYYGGVQFDQGTWEANGGLRYAPRADLATREEQIAVAEVTRLRQGWGAWPVCAARAG

AR

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

12

13

14

15

16

17

34



US 9,181,311 B2

35

-continued

VHPLPADHGRSRCNRHPISPLSLIGNASATSGDMSSMTRIAKPLIKSAMAAGLVTASMSL
STAVAHAGPSPNWDAVAQCESGGNWAANTGNGKYGGLQFKPATWAAFGGVGNPAAASREQ

QIAVANRVLAEQGLDAWPTCGAASGLPIALWSKPAQGIKQIINEI IWAGIQASIPR

MTPGLLTTAGAGRPRDRCARIVCTVFIETAVVATMFVALLGLSTISSKADDIDWDAIAQC
ESGGNWAANTGNGLYGGLQISQATWDSNGGVGSPAAASPQOQI EVADNIMKTQGPGAWPK

CSSCSQGDAPLGSLTHILTFLAAETGGCSGSRDD

LKNARTTLIAAATAGTLVTTSPAGIANADDAGLDPNAAAGPDAVGFDPNLPPAPDAAPVD
TPPAPEDAGFDPNLPPPLAPDFLSPPAEEAPPVPVAYSVNWDAIAQCESGGNWSINTGNG

YYGGLRFTAGTWRANGGSGSAANASREEQIRVAENVLRSQGIRAWPVCGRRG

MIATTRDREGATMITFRLRLPCRTILRVFSRNPLVRGTDRLEAVVMLLAVTVSLLTIPFA
AAAGTAVQDSRSHVYAHQAQTRHPATATVIDHEGVIDSNTTATSAPPRTKI TVPARWVVN
GIERSGEVNAKPGTKSGDRVGIWVDSAGQLVDEPAPPARAIADAALAALGLWLSVAAVAG

ALLALTRAILIRVRNASWQHDIDSLFCTQR

MTEPAAWDEGKPRIITLTMNPALDITTSVDVVRPTEKMRCGAPRYDPGGGGINVARIVHV
LGGCSTALFPAGGS TGSLLMALLGDAGVPFRVIPIAASTRESFTVNESRTAKQYRFVLPG
PSLTVAEQEQCLDELRGAAASAAFVVASGSLPPGVAADYYQRVADICRRSSTPLILDTSG
GGLQHISSGVFLLKASVRELRECVGSELLTEPEQLAAAHELIDRGRAEVVVVSLGSQGAL
LATRHASHRFSSIPMTAVSGVGAGDAMVAAITVGLSRGWSLIKSVRLGNAAGAAMLLTPG

TAACNRDDVERFFELAAEPTEVGQDQYVWHPIVNPEASP

MPDTMVTTDVIKSAVQLACRAPSLHNSQPWRWIAEDHTVALFLDKDRVLYATDHSGREAL
LGCGAVLDHFRVAMAAAGT TANVERFPNPNDPLHLASIDFSPADFVTEGHRLRADAILLR
RTDRLPFAEPPDWDLVESQLRTTVTADTVRIDVIADDMRPELAAASKLTESLRLYDSSYH
AELFWWTGAFETSEGIPHSSLVSAAESDRVTFGRDFPVVANTDRRPEFGHDRSKVLVLST
YDNERASLLRCGEMLSAVLLDATMAGLATCTLTHITELHASRDLVAALIGQPATPQALVR

VGLAPEMEEPPPATPRRPIDEVFHVRAKDHR

MTTARDIMNAGVTCVGEHETLTAAAQYMREHDIGALPICGDDDRLHGMLTDRDIVIKGLA
AGLDPNTATAGELARDSIYYVDANASIQEMLNVMEEHQVRRVPVISEHRLVGIVTEADIA

RHLPEHAIVQFVKAICSPMALAS

MASSASDGTHERSAFRLSPPVLSGAMGPFMHTGLYVAQSWRDYLGQQPDKLPIARPTIAL
ARQAFRDEIVLLGLKARRPVSNHRVFERISQEVAAGLEFYGNRRWLEKPSGFFAQPPPLT
EVAVRKVKDRRRSFYRIFFDSGFTPHPGEPGSQRWLSYTANNREYALLLRHPEPRPWLVC
VHGTEMGRAPLDLAVFRAWKLHDELGLNIVMPVLPMHGPRGQGLPKGAVFPGEDVLDDVH
GTAQAVWDIRRLLSWIRSQEEESLIGLNGLSLGGYIASLVASLEEGLACAILGVPVADLI
ELLGRHCGLRHKDPRRHTVKMAEPIGRMISPLSLTPLVPMPGRFIYAGIADRLVHPREQV

TRLWEHWGKPEIVWYPGGHTGFFQSRPVRRFVQAALEQSGLLDAPRTQRDRSA

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:
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-continued
MSTQRPRHSGIRAVGPYAWAGRCGR IGRWGVHQEAMMNLA IWHPRKVQSAT IYQVTDRSH

DGRTARVPGDEITSTVSGWLSELGTQSPLADELARAVRIGDWPAAYAIGEHLSVEIAVAV

atgcagcttgttgacagggttegtggegecgtcacgggtatgtegegtegactegtggte
ggggcegteggegeggecctagtgtegggt ctggteggegeegteggtggeacggegace
gegggggeatttteceggecgggettgeeggtggagtacetgeaggtgeegtegeegteg
atgggccgtgacatcaaggtecaattecaaagtggtggtgecaactegecegecctgtac
ctgctegacggectgegegegeaggacgacttcageggetgggacat caacacceeggeyg
ttcgagtggtacgaccagtegggectgteggtggteatgeeggtgggtggecagtcaage
ttctactccgactggtaccagecegectgeggecaaggecggttgecagacttacaagtygyg
gagaccttectgaccagegagetgeeggggtggetgecaggecaacaggecacgtcaageee
accggaagegecgtegteggtetttegatggetgettetteggegetgacgetggegate
tatcacccccagcagttegtetacgegggagegatgtegggectgttggaceecteccag
gegatgggteccaccectgateggectggegatgggtgacgetggeggetacaaggectee
gacatgtggggcccgaaggaggacceggegtggeagegecaacgaceegetgttgaacgte
gggaagctgatcgecaacaacacccegegtetgggtgtactgeggecaacggecaagecgteg
gatctgggtggcaacaacctgecggecaagttectegagggettegtgeggaccageaac
atcaagttccaagacgectacaacgecggtggeggecacaacggegtgttegacttecey
gacagcggtacgcacagcetgggagtactggggegegeageteaacgetatgaagecegac

ctgcaacgggcactgggtgecacgeccaacacegggeccgegeccecagggegectag

atgacagacgtgagccgaaagattegagettggggacgecgattgatgateggecacggea
geggcetgtagtecttecgggectggtgggget tgeeggeggageggecaacegegggegeg
ttecteceggecggggetgecggtcgagtacetgeaggtgeegt cgecgt cgatgggeege
gacatcaaggttcagttccagageggtgggaacaactcacctgeggtttatetgetegac
ggcctgegegeccaagacgactacaacggetgggatatcaacacceeggegttegagtgg
tactaccagtcgggactgtegatagtecatgecggteggegggeagtecagettetacage
gactggtacagcceggectgeggtaaggetggetgecagacttacaagtgggaaacette
ctgaccagcgagctgecgecaatggttgtecgecaacagggecgtgaageccaceggeage
getgcaatceggettgtegatggecggetegteggcaatgatettggeegectaccaceee
cagcagttcatctacgecggetegetgteggeectgetggaceectetecaggggatgggy
cctagectgateggectegegatgggtgacgeeggeggttacaaggecgcagacatgtgyg
ggtcectegagtgaceceggcatgggagegcaacgaccectacgeageagateeccaagete
gtcgcaaacaacacceggctatgggtttattgegggaacggecaccecgaacgagttggge
ggtgccaacatacccgcecgagttettggagaacttegttegtagecageaacctgaagtte
caggatgcgtacaacgecgegggegggeacaacgecgtgttcaacttecegeccaacgge
acgcacagctgggagtactggggegetcagetcaacgecatgaagggtgacctgecagagt

tctttaggegecggetga

Atgacgttcttegaacaggtgegaaggttgeggagegeagegacaacectgecgegeage
Gtggctatcgeggetatgggggetgtectggtttacggtetggteggtacetteggeggg

Cecggecaccgegggegeattetetaggeceggtettecagtggaatatetgecaggtgeca

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:
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-continued
Tcegegtegatgggeegegacatcaaggtccagt tecagggeggeggacegcacgeggte
Tacctgctcegacggtctgegggeccaggatgactacaacggetgggacatcaacacceag
Gecttegaggagtactaccagtcagggttgteggtgatcatgecegtgggeggecaatcec
Agtttctacaccgactggtatcagccctegcagagcaacggccagaactacacctacaag
Tgggagaccttecttaccagagagatgcccgectggctacaggeccaacaagggegtgtec
ccgacaggcaacgeggeggtgggtetttegatgt cgggeggttecegegetgatectggec
gcgtactacccgcagecagttceccgtacgeegegtegttgtegggettectecaacecegtec
gagggctggtggccegacgetgateggectggegatgaacgactegggeggttacaacgec
aacagcatgtggggtcegtccagegacceggectggaagegcaacgacccaatggtteag
attccccegectggtcegecaacaacacceggatctgggtgtactgeggtaacggcacacce
agcgacctceggeggcgacaacataccggcegaagttectggaaggectcacectgegeace
aaccagaccttcecgggacacctacgeggecgacggtggacgcaacggggtgtttaactte
cecgeccaacggaacacactegtggecctactggaacgagcagetggtegecatgaaggec
gatatccagcatgtgetcaacggegegacacceecggecgeccctgetgegecggecgec

tga

atgacagagcagcagtggaatttegegggtategaggecgeggcaagegeaatccaggga
aatgtcacgtccatteattecctecttgacgaggggaagecagtecctgaccaagetegea
geggectggggeggtageggtteggaggegtaccagggtgtecageaaaaatgggacgece
acggctaccgagctgaacaacgegetgeagaacctggegeggacgat cagegaageeggt

caggcaatggcttegaccgaaggcaacgtcactgggatgttegeatag

atgtcgcaaatcatgtacaactacccegegatgttgggtcacgecggggatatggecgga
tatgceggcacgctgecagagettgggtgecgagategeegtggagecaggecgegttgeag
agtgcgtggcagggcegataccgggatcacgtatcaggegtggecaggcacagtggaaccag
gecatggaagatttggtgegggectatcatgegatgtecageaceccatgaagecaacace

atggcgatgatggecegegacacggecgaagecgecaaatggggeggetag

atgagcaattcgegecgecgetecactecaggtggtcatggttgetgagegtgetggetgee
gtegggetgggectggecacggegecggeccaggeggecaecgeeggecttgtegeaggac
cggttegecgactteccegegetgecectegaceegtecgegatggtcgeccaagtgggy
ccacaggtggtcaacatcaacaccaaactgggctacaacaacgecgtgggegecgggace
ggcatcgtcatcgateccaacggtgtegtgetgaccaacaaccacgtgategegggegec
accgacatcaatgegttecagegteggetecggecaaacctacggegtcgatgtggteggyg
tatgaccgcacccaggatgtegeggtgetgeagetgegeggtgeeggtggectgeegteyg
geggegateggtggeggegtegeggttggtgagecegt cgtegegatgggecaacageggt
gggcagggcggaacgeccegtgeggtgectggeagggtggtegegeteggecaaacegtyg
caggcgteggattegetgaceggtgecgaagagacattgaacgggttgateccagttegat
gecgegatccageccggtgattegggegggecegtegt caacggectaggacaggtggte
ggtatgaacacggccgcegtecgataacttecagetgteccagggtgggeagggattegee
attccgatcegggcaggegatggegategegggecagatecgat cgggtggggggtcacce

accgttcatategggectacegecttecteggettgggtgttgtegacaacaacggcaac

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:
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-continued
ggcgcacgagtccaacgegtggtcgggagegetecggeggecaagtcteggeatcetecace
ggcgacgtgatcaccgeggtegacggegetccgatcaacteggecaccgegatggaeggac
gcgettaacgggcatcatceceggtgacgtcatecteggtgacctggcaaaccaagteggge

ggcacgcgtacagggaacgtgacattggecgagggaccccceggectga

atggtggattteggggegttaccaceggagatcaactecgegaggatgtacgecggeccy
ggtteggectegetggtggecgeggetcagatgtgggacagegtggegagtgacetgttt
teggecgegteggegtttecagteggtggtetggggt ctgacggtggggt cgtggataggt
tegteggegggtctgatggtggeggeggectegeegtatgtggegtggatgagegtcace
geggggcaggecgagetgacegecgeccaggt cegggt tgetgeggeggectacgagacyg
gegtatgggetgacggtgeccecgecggtgatcgecgagaacegtgetgaactgatgatt
ctgatagcgaccaacctettggggcaaaacaceeceggegategeggt caacgaggecgaa
tacggcgagatgtgggeccaagacgecgecgegatgtttggetacgeegeggegacggeyg
acggcgacggcgacgttgetgeegttegaggaggegecggagatgaccagegegggtggy
ctectegageaggecgecgaeggt cgaggaggect ccgacacegecgeggegaaccagtty
atgaacaatgtgccccaggegetgecaacagetggeccageccacgecagggeaccacgect
tcttecaagetgggtggectgtggaagacggtetegecgeateggtegecgat cagcaac
atggtgtcgatggccaacaaccacatgtegatgaccaactegggtgtgtegatgaccaac
accttgagctegatgttgaagggetttgetecggeggeggecgeccaggecgtgcaaace
geggegcaaaacggggtcecgggegatgagetegetgggeagetegetgggttettegggt
ctgggeggtggggtggecgecaacttgggtegggeggecteggteggttegttgteggty
cegeaggectgggecgeggecaaccaggeagt caccecggeggegegggegetgeegety
accagcctgaccagegecgeggaaagagggecegggeagatgetgggegggetgeeggty
gggcagatgggegecagggecggtggtggget cagtggtgtgetgegtgtteegecgega

cectatgtgatgecgeattetecggeggecggetag

atgcggacccccagacgecactgecgtegeategecgtectegecgeegttageategee
gecactgtegttgecggetgetegtegggetegaagecaageggeggaccacttecggac
gegaagcecegetggt cgaggaggecaccegegeagaccaaggctetcaagagegegeacatg
gtgctgacggtcaacggcaagatcecegggactgtetectgaagacgetgageggegatete
accaccaaccccaccgecgegacgggaaacgtcaagetcacgetgggtgggtetgatate
gatgccgacttegtggtgttegacgggatectgtacgecacectgacgeccaaccagtygg
agcgattteggteccegecgecgacatetacgaccecgeccaggtetgaateceggatace
ggcctggecaacgtgetggegaatttegecgacgcaaaagecgaagggegggataceate
aacggccagaacaccatccgeatcagegggaaggtateggecacaggeggtgaaccagata
gegecgecgttecaacgegacgcagecggtgeeggegacegtetggat tecaggagacegge
gatcatcaactggcacaggcccagttggaccgeggetegggecaatteegtecagatgace

ttgtcgaaatggggcgagaaggtccaggtcacgaagecceeggtgagetga

atggccaagacaattgegtacgacgaagaggeccgtegeggectegageggggettgaac
gecctegecgatgeggtaaaggtgacattgggecccaagggecgecaacgtegtectggaa

aagaagtggggtgcccccacgatcaccaacgatggtgtgtecategecaaggagatcgag

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:
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-continued
ctggaggatccgtacgagaagatcggcgecgagetggtcaaagaggtagccaagaagace
gatgacgtcgcecggtgacggcaccacgacggccaccegtgetggeccaggegttggttege
gagggcctgegcaacgtcgeggeaeggaegecaacccgecteggtetcaaacgeggcatcgaa
aaggccgtggagaaggtcaccgagaccctgetcaagggegecaaggaggtegagaccaag
gagcagattgcggccaccgcagegattteggegggtgaccagtecateggtgacctgate
gccgaggcgatggacaaggtgggcaacgagggegteatcaccgtegaggagtcecaacace
tttgggctgcagctcgagcectcaccgagggtatgeggttegacaagggetacatctegggyg
tacttecgtgaccgacceggagegtcaggaggeggtectggaggacecctacatectgetyg
gtcagctccaaggtgtccactgtcaaggatctgetgeecgetgetegagaaggtcatcgga
gccggtaagecgetgetgatcategecgaggacgtegagggegaggegetgtecaceetyg
gtcgtcaacaagatccgeggcaccttcaagteggtggeggtcaaggeteceggettegge
gaccgccgcaaggcegatgetgcaggatatggecattctcaceggtggtcaggtgatcage
gaagaggtcggcctgacgetggagaacgecgacctgtegetgetaggcaaggececgcaag
gtcgtggtcaccaaggacgagaccaccatcegtcegagggegecggtgacacegacgecate
gccggacgagtggeccagatcegecaggagatcgagaacagegactecgactacgacegt
gagaagctgcaggageggetggccaagetggeeggtggtgtegeggtgatcaaggecggt
gccgecaccgaggdtcgaactcaaggagcegcaagcaccgeategaggatgeggttegecaat
gccaaggeccegecgtcgaggagggcategtegeeggtgggggtgtgacgetgttgecaageg
gcceccgaccectggacgagetgaagetegaaggegacgaggegaccggegecaacategtyg
aaggtggcgctggaggccccgctgaagcagategecttecaactcegggetggagecggge
gtggtggcecgagaaggtgegcaacctgeeggectggecacggactgaacgctcagaccggt
gtctacgaggatctgetegetgeeggegttgectgacceggtcaaggtgaccegttaeggeg
ctgcagaatgecggegtccategeggggetgttectgaccacegaggecegtegttgecgac
aagccggaaaaggagaaggctteegtteeccggtggeggegacatgggtggeatggattte

tga

atggctgaaaactcgaacattgatgacatcaaggetecegttgettgecgegettggageyg
gecgacctggecttggecactgtcaacgagttgatcacgaacctgegtgagegtgeggag
gagactcgtacggacacccgcagecgggtegaggagageegtgetegectgaccaagetyg
caggaagatctgcccgageagetcaccgagetgegtgagaagt tcacegecgaggagety
cgtaaggecgecgagggcetacctegaggecgegactagecggtacaacgagetggtegag
cgeggtgaggecgetetagageggetgegeagecageagaget tegaggaagtgteggeyg
cgegecgaaggctacgtggaccaggeggtggagt tgacecaggaggegt tgggtacggte
geatcgcagaccegegeggteggtgagegtgecgecaagetggteggeategagetgect
aagaaggctgctceggecaagaaggecgetecggecaagaaggecgetecggecaagaag

geggeggecaagaaggcegeccgegaagaaggeggeggecaagaaggt cacccagaagtag

gtgacgcaaaccggcaagcegtcagagacgcaaatteggtegeatecgacagtteaactee
ggcegetggeaagecagetacaceggeccaegacggecgegtgtacategececcaaaace
ttcaacgccaagatcgacgecgaageatggetcacegacegecgecgegaaatcgacega

caactatggtccceggeategggtcaggaagacegecceggagecccatteggtgagtac

SEQ ID NO:

SEQ ID NO:
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-continued
gccgaaggatggctgaagcagegtggaatcaaggaccgcaccegegeccactategcaaa

ctgctggacaaccacatectggecaccttegetgacacegacctacgegacatcaceecy
gecgeegtgegecgetggtacgecaccacegecgtgggecacacegaccatgegggeacac
tcctacagettgetgegegeaatcatgeagacegecttggecgacgacctgategactee
aacccctgecgeatetecaggegegtecacegeccgecgegtecacaagatcaggeecgee
accctegacgagctggaaaccatcaccaaagecatgecegaceectaccaggegttegty
ctgatggeggcatggetggecatgegetacggegagetgacecgaattacgecgcaaagac
atcgacctgcacggegaggttgegegggtgeggegggetgtegttegggtgggegaagge
ttcaaggtgacgacaccgaaaagcegatgegggagtgegegacataagtatececegecacat
ctgatacccgecatcegaagaccacctteacaaacacgtcaaccccggecgggagteccty
ctgtteccateggtcaacgaccccaacegtecacctageacecteggegetgtacegeaty
ttctacaaggcccgaaaagecgecggecgaccagacttacgggtgcacgaccttegacac
tceggegecgtgttggetgeatecaceggegecacactggecgaactgatgecageggeta
ggacacagcacagccggegecgecacteegetaccagecacgecgecaagggecgggacege

gaaatcgccgcactgttaagcaaactggecgagaaccaggagatgtga

gtgatagcgggegtcgaccaggegettgecageaacaggecaggetagecagegggeggea
ggcgcatcetggtggggtcacegteggtgteggegtgggeacggaacagaggaacettteg
gtggttgcaccgagtcagttcacatttagttcacgcageccagattttgtggatgaaace

gcaggtcaatcgtggtgegegatactgggattgaaccagtttecactag

atggccaccacccttecegtteagegecaceegeggtecctettececegagttttetgag
ctgttegeggecttecegteattegecggactecggeccaccttegacaceceggttgaty
cggctggaagacgagatgaaagaggggegetacgaggtacgegeggagetteceggggte
gaccccgacaaggacgtcegacattatggtecgegatggtecagetgaccatcaaggeegag
cgcaccgagcagaaggacttegacggtegeteggaattegegtacggttecttegttege
acggtgtegetgeceggtaggtgetgacgaggacgacattaaggccacctacgacaaggge
attcttactgtgteggtggeggttteggaagggaagecaaccgaaaagcacattcagate

cggtccaccaactga

atgagtggacgccaccgtaageccaccacatccaacgtcagegtegecaagategecttt
accggegcagtacteggtggeggeggeategecatggeegetecaggegacegeggecace
gacggggaatgggatcaggtggcecegetgegagt cgggeggcaactggtegatcaacace
ggcaacggttaccteggtggettgcagttcactcaaagcacctgggecgeacatggtgge
ggcgagttegeccegteggetcagetggecagecgggageageagattgeegteggtgag
cgggtgcetggecacccagggt cgeggegectggeeggtgtgeggecgegggttategaac
gecaacaccccgegaagtgettecegetteggeagegatggacgeteegt tggacgeggece
geggtcaacggegaaccagcaccegetggeccegecgecegaecgaceeggegecaceegtyg
gaacttgccgctaacgacctgecegecacegetgggtgaaccecteceggeagetecegee
gacceggecaccaccegecgacctggeaccaceegegecegecgacgtegegecaceegtyg
gaacttgcegtaaacgacctgecegecacegetgggtgaaccecteceggeagetecegee

gacceggecaccaccegecgacctggeaccaceegegecegecgacctggegecaceegeg

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:
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47

-continued
ceecgecgacctggaegecaccegegeccgecgacctggeaccaccegtggaacttgeegta

aacgacctgecegegecgetgggtgaaccecteceggeagetecegecgaactggegeca
cecegecgatetggeaceegegtecgecgacetggegecacecgegeccgecgacetggeyg
ccaccegegeccgaecgaactggegecaceegegecegeecgacetggeaccaceegetgeyg
gtgaacgagcaaaccgcgcegggegatcagecegecacagetecaggeggeceggttgge
cttgccaccgatttggaacteccegageccgacceccaaccagetgacgecacegecgece
ggcgacgtcaccgaggcegeccgecgaaacgecccaagtctegaacategectatacgaag
aagctgtggcaggegattegggeccaggacgtetgeggecaacgatgegetggactegete

gcacagccegtacgtcateggetga

atgttgecgectggtagteggtgegetgetgetggtgttggegttegeeggtggetatgeg
gtegecegeatgecaaaacggtgacgttgacegt cgacggaaccegegatgegggtgacecacyg
atgaaatcgegggtgatcgacategtegaagagaacgggttetcagtecgacgacegegac
gacctgtatccegeggecggegtgcaggtecatgacgecgacaccategtgetgeggegt
agcegtecgetgeagatetegetggatggtcacgacgetaagecaggtgtggacgacegeyg
tcgacggtggacgaggegetggeccaactegegatgacegacacggegeeggeecgegget
tctegegecagecgegtecegetgtecgggatggegetaceggtegt cagegecaagacyg
gtgcagctcaacgacggegggttggtgegeacggtgeacttgeeggeccecaatgtegeg
gggctgctgagtgeggecggegtgecgetgttgeaaagegaccacgtggtgecegeegeg
acggccccgategtecgaaggecatgecagatecaggtgacecgeaatcggatcaagaaggte
accgageggetgecgetgecgecgaacgegegtegtgt cgaggaceceggagatgaacatyg
agcegggaggtegt cgaagacceegggggtteceggggacccaggatgtgacgttegeggta
getgaggtcaacggegtcgagaceggecegtttgecegtegecaacgtegtggtgaceceg
geccacgaagecgtggtgegggtgggcaccaageceggtacegaggtgecceeggtgate
gacggaagcatctgggacgegategecggetgtgaggecggtggecaactgggegatcaac
accggcaacgggtattacggtggtgtgeagtttgaccagggeacctgggaggecaacgge
gggctgeggtatgecaccecgegetgacctegecacecgegaagageagategeegttgee
gaggtgacccgactgegtcaaggttggggegectggeeggtatgtgetgeacgagegggt

gegegetga

gtgcatcctttgecggecgaccacggeeggtegeggtgcaatagacacecegatetecacea
ctctetetaateggtaacgetteggecacttecggegatatgtegagecatgacaagaate
gecaagcecgeteatcaagtecgecatggecgeaggactegteacggeatecatgtegete
tccaccgecgttgeccacgecggteccageccgaactgggacgecgt cgegecagtgegaa
tcegggggcaactgggeggecaacaccggaaacggcaaatacggeggactgeagttcaag
ceggecacctgggecgeatteggeggtgteggecaaceccageagetgectctegggaacaa
caaatcgcagttgecaategggttetegecgaacagggattggacgegtggecgacgtge
ggcgcegectetggecttecgategeactgtggt cgaaaccegegeagggeatcaagecaa

atcatcaacgagatcatttgggcaggcattcaggcaagtatteegegetga

atgacaccgggtttgettactactgegggtgetggecgaccacgtgacaggtgegecagyg

atcgtatgcacggtgttecategaaaccgecgttgtegegaccatgtttgtegegttgtty

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:
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-continued
ggtctgtccaccatcagctcgaaagccgacgacatcegattgggacgecategegeaatge

gaatccggeggcaattgggeggecaacaceggtaacgggttatacggtggtetgeagate
agccaggegacgtgggattecaacggtggtgtegggtegeeggeggecgegagtecccag
caacagatcgaggtcgecagacaacattatgaaaacccaaggeccgggtgegtggecgaaa
tgtagttcttgtagtcagggagacgecacegetgggetegetecacccacatectgacgtte

ctegeggecgagactggaggt tgttcggggageagggacgattga

ttgaagaacgcccgtacgacgetecategecgeegegattgecgggacgttggtgaccacy
tcaccagccggtategecaatgecgacgacgegggettggacccaaacgecgeagecgge
ceggatgecgtgggetttgacecgaacctgecgeeggecceggacgetgecaceegtegat
actccgecggeteeggaggacgegggetttgateccaaccteccececegecgetggeceey
gacttecctgteccegectgeggaggaagegectecegtgecegtggectacagegtgaac
tgggacgcgategegecagtgegagtceggtggaaactggtegatcaacaceggtaacggt
tactacggeggectgeggttecacegecggeacctggegtgecaacggtggeteggggtee
geggcecaacgcegagecgggaggagcagateegggtggetgagaacgtgetgegttegeag

ggtatccegegectggecggtetgeggecgecgeggetyga

atgatcgecacaaccegegategtgaaggagecaccatgatcacgtttaggetgegetty
cegtgecggacgatactgegggtgtteageegeaatecgetggtgegtgggacggatega
ctegaggeggtegteatgetgetggeegtecacggtetegetgetgactatecegttegee
gecgeggecggeaccgcagtecaggattecegeagecacgtetatgeccaccaggeccag
accegecatccegeaacegegacegtgategatcacgagggggtgat cgacagcaacacyg
accgccacgtcagegecgecgegeacgaagatcacegtgectgecegatgggtegtgaac
ggaatagaacgcagcggtgaggtcaacgcgaagecgggaaccaaateeggtgacegegte
ggcatttgggtcgacagtgecggtcagetggtcgatgaaccagetecgeeggecegtgee
attgcggatgeggecctggecgecttgggactetggttgagegtegeegeggt tgeggge
gecctgetggegetcactegggegattetgatcegegttegeaacgecagttggeaacac

gacatcgacagcectgttetgecacgecageggtga

atgacggagccageggegtgggacgaaggcaagecgegaatcatcactttgaccatgaac
ccegecttggacatcacgacgagegtegacgtggtgegecegacegagaaaatgegttgt
ggcgcacctegetacgateceggeggeggeggtatcaatgtegecegeattgtgeatgte
cteggeggttgetegacageactgtteceggeeggegggt cgacegggagectgetgatyg
gegetgeteggtgatgegggagtgecatttegegteattecgategeggectegacgegg
gagagcttcacggtcaacgagtcecaggacegecaagcagtategtttegtgettecgggg
cegtegetgacegtegeggageaggageaatgectegacgaactgegeggtgeggegget
teggecgectttgtggtggecagtggeagectgeegecaggtgtggetgecgactactat
cagcgggttgecgacatctgecgecgategageactecgetgatectggatacatetggt
ggcgggttgcagcacatttegteeggggtgtttettetcaaggegagegtgegggaactyg
cgcgagtgegteggatecgaactgetgaccgageccgaacaactggecgecgeacacgaa
ctcattgaccegtgggegegecgaggtegtggtggtetegettggatetecagggegegeta

ttggccacacgacatgegagecategattttegtegatteegatgacegeggt tageggt

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:
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-continued
gtcggegecggegacgegatggtggecegegattacegtgggectecagecgtggetggteg

ctcatcaagtcegttegettgggaaacgeggeaggtgeagecatgetgetgacgecagge
accgeggectgeaategegacgatgtggagaggttettegagetggeggecgaacecace

gaagtcgggcaggatcaatacgtttggcaccegategttaacceggaagectegecatga

atgccggacaccatggtgaccaccgatgtecatcaagagegeggtgeagttggectgeege
gecaccgtegetecacaacagecagecectggegetggatagecgaggaccacacggttgeg
ctgttectegacaaggategggtgetttacgegacegaccactceggecgggaagegety
ctggggtgeggegecgtactegaccactttegggtggegatggeggecgegggtaccace
geccaatgtggaacggtttceccaaccccaacgatectttgeatetggegtcaattgactte
agcceggecgatttegtcaccgagggecacegtetaagggaggatgegatectactgege
cgtaccgaccggcetgectttegecgagecgecggattgggact tggtggagtegeagtty
cgcacgaccgtcaccegecgacacggtgegeategacgtcategecgacgatatgegtece
gaactggcggeggegtcecaaactcaccgaategetgeggetetacgattegtegtateat
gecgaactcettttggtggacaggggettttgagacttetgagggeatacegeacagttea
ttggtatcggeggcecgaaagtgacegggtecacctteggacgegactteceggtegtegee
aacaccgataggegeccggagtttggecacgacegetcetaaggtectggtgetetecace
tacgacaacgaacgcgecagectactgegetgeggegagatgettteegeegtattgett
gacgccaccatggetgggettgecacctgeacgetgacccacatcacegaactgeacgec
agccgagacctggtegeagegetgattgggecagecegeaactecgcaagecttggttege
gteggtetggecceggagatggaagagecgecacceggcaacgecteggegaccaategat

gaagtgtttcacgttegggctaaggatcacceggtag

atgaccaccgcacgcgacatcatgaacgecaggtgtgacctgtgttggegaacacgagacyg
ctaaccgetgecgeteaatacatgegtgagecacgacateggegegttgecgatetgeggyg
gacgacgaccggctgcacggcatgetcacegacegegacattgtgatcaaaggectgget
gegggectagaccegaataccegecacggetggegagttggecegggacageatctactac
gtcgatgegaacgcaagcatccaggagatgetcaacgtcatggaagaacatcaggtecge
cgtgtteeggteatcetecagageacegettggteggaategtcacegaagecgacategee
cgacacctgeccgageacgecattgtgeagttegtcaaggcaatetgetegeccatggee

ctegecagetag

atggcaagttctgegagegacggeacccacgaacgeteggettttegectgagtecacey
gtcttgageggegecatgggaccegttecatgecacaceggtetgtacgtegetcaategtygg
cgcgactatetgggteaacageccgataaactgecgategecacggeccactattgectta
geggegcaagectttegagacgaaategtectgetgggecteaaggeacgacgteeggte
agcaatcatcgagtgttegagegecatcagecaagaagtggecgetggactggagttetat
gggaatcgcagatggctggagaagectageggattttttgeccageccecacegetecace
gaggtcgeggtecgaaaggtcaaggacegcagacgetecttttategeatettettegac
agtgggtttacgcegecatecegggtgaacegggecagecaacggtggetectecatacactgeyg
aacaatcgcgagtacgecctgttactgeggecacccagageegegtecctggetggtttgt

gtacacggcaccgagatgggcagggeccegttggatetegeggtgttecgegectggaag

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:
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ctgcatgacgaactcggcctgaacattgtcatgecggttettecgatgecatggteccege

gggcaaggtctgccgaagggegecgttttteceggagaagatgttetegacgatgtgeat
gggacggctcaageggtgtgggatateeggeggetgttgtectggatacgategeaggag
gaggagtcgcetgatcgggttgaacggtetetegetgggeggetacategegteattggte
gecagectcgaagaaggtcetegectgegegatteteggtgteccagtggetgatetgate
gagttgttgggccegecactgeggtetteggecacaaagaccececgecgecacacegtcaag
atggccgaaccgatceggecgaatgatetegecgetetecacttacgecactggtgeccaty
cegggecgetttatcetacgegggeattgecgacegactegtgeatecacgegaacaggty
actcgectcetgggageactggggeaaacccgaaategtgtggtatccaggeggtecacact
ggcttettecagtegeggecggtacgacggtttgtecaggetgegetggageagteggge
ctgttggacgegecacggacacagegegacegttecgectaa

SEQ ID NO: 50
atgtccacgcaacgaccgaggeactecggtattegggetgttggecectacgeatgggee

ggccgatgtggtcggataggcaggtggggggtgcaccaggaggegatgatgaatetageg
atatggcacccgegcaaggtgeaatecgecaccatetatcaggtgacegategetegeac
gacgggcgcacagcacgggtgectggtgacgagatcactageacegtgteeggttggttyg
tcggagttgggcacccaaagecegttggecgatgagettgegegtgeggtgeggat cgge
gactggccegetgegtacgcaateggtgagecacetgtecgttgagattgeegttgeggte
taa

SEQ ID NO: 51
ATGGACGCCATGAAGAGGGGCCTGTGCTGCGTGCTGCTGCTGTGTGGCGCCGTGTTCGTGTCCCCCAGCCAGGAA

ATCCACGCCCGGTTCAGACGGGGCAGCATGCAGCTGGTGGACAGAGT CAGAGGCGCCGTGACCGGCATGAGCAGA
CGGCTGGTCGTGGGAGCTGTCGGAGCCGCTCTGGTGTCTGGACTCGTGGGAGCCGTGGGCGGAACAGCTACAGCC
GGCGCTTTCAGCAGACCCGGCCTGCCCGTGGAATATCTGCAGGTCCCCAGCCCCAGCATGGGCCGGGACATCARG
GTGCAGTTCCAGTCTGGCGGAGCCAACAGCCCTGCTCTGTACCTGCTGGACGGCCTGAGAGCCCAGGACGACTTC
AGCGGCTGGGACATCAACACCCCCGCCTTCGAGTGGTACGACCAGAGCGGCCTGTCTGTGGTCATGCCTGTGGGC
GGCCAGAGCAGCTTCTACAGCGACTGGTATCAGCCCGCTTGTGGCAAGGCCGGCTGCCAGACCTACAAGTGGGAG
ACATTCCTGACCAGCGAGCTGCCCGGCTGGCTGCAGGCCAACAGACACGTGAAGCCCACCGGCTCTGCCGTCGTG
GGCCTGTCTATGGCTGCCAGCTCTGCCCTGACCCTGGCCATCTACCACCCCCAGCAGTTCGTGTACGCTGGCGCC
ATGTCTGGCCTGCTGGATCCTTCTCAGGCCATGGGACCCACCCTGATCGGACTGGCTATGGGAGATGCCGGCGGA
TACAAGGCCAGCGACATGTGGGGCCCTAAAGAGGACCCCGCCTGGCAGAGAAACGACCCCCTGCTGAACGTGGGC
AAGCTGATCGCCAACAACACCAGAGTGTGGGTGTACTGCGGCAACGGCAAGCTGAGCGACCTGGGCGGCAACAAC
CTGCCCGCCAAGTTCCTGGAAGGCTTCGTGCGGACCAGCAACATCAAGTTCCAGGACGCCTACAACGCTGGCGGC
GGACACAACGGCGTGTTCGACTTCCCCGACAGCGGCACCCACAGCTGGGAGTATTGGGGAGCCCAGCTGAATGCC
ATGAAGCCCGACCTGCAGAGAGCCCTGGGCGCCACCCCTAATACTGGACCTGCTCCTCAGGGCGCATGA

SEQ ID NO: 52
MDAMKRGLCCVLLLCGAVFVSPSQEIHARFRRGSMQLVDRVRGAVTGMSRRLVVGAVGAA

LVSGLVGAVGGTATAGAFSRPGLPVEYLQVPSPSMGRD IKVQFQSGGANSPALYLLDGLR
AQDDFSGWDINTPAFEWYDQSGLSVVMPVGGQSSFYSDWYQPACGKAGCQTYKWETFLTS

ELPGWLQANRHVKPTGSAVVGLSMAASSALTLAIYHPQQFVYAGAMSGLLDPSQAMGPTL

54
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-continued
IGLAMGDAGGYKASDMWGPKEDPAWQRNDPLLNVGKLIANNTRVWVY CGNGKLSDLGGNN

LPAKFLEGFVRTSNIKFQDAYNAGGGHNGVFDFPDSGTHSWEYWGAQLNAMKPDLQRALG
ATPNTGPAPQGA

SEQ ID NO: 53
aagaagcagggcgacgccgacgtgtgtggegaggtggectacatecagagegtggtgtecgac

tgccacgtgecaaccgecgagetgeggacectgetggaaatecggaagetgttectggaaate
cagaaactgaaggtggaactgcagggectgagcaaagagtga

SEQ ID NO: 54
ATGGACGCCATGAAGAGGGGCCTGTGCTGCGTGCTGCTGCTGTGTGGCGCCGTGTTCGTGTCCCCCAGCCAGGAA

ATCCACGCCCGGTTCAGACGGGGCAGCATGCAGCTGGTGGACAGAGT CAGAGGCGCCGTGACCGGCATGAGCAGA
CGGCTGGTCGTGGGAGCTGTCGGAGCCGCTCTGGTGTCTGGACTCGTGGGAGCCGTGGGCGGAACAGCTACAGCC
GGCGCTTTCAGCAGACCCGGCCTGCCCGTGGAATATCTGCAGGTCCCCAGCCCCAGCATGGGCCGGGACATCARG
GTGCAGTTCCAGTCTGGCGGAGCCAACAGCCCTGCTCTGTACCTGCTGGACGGCCTGAGAGCCCAGGACGACTTC
AGCGGCTGGGACATCAACACCCCCGCCTTCGAGTGGTACGACCAGAGCGGCCTGTCTGTGGTCATGCCTGTGGGC
GGCCAGAGCAGCTTCTACAGCGACTGGTATCAGCCCGCTTGTGGCAAGGCCGGCTGCCAGACCTACAAGTGGGAG
ACATTCCTGACCAGCGAGCTGCCCGGCTGGCTGCAGGCCAACAGACACGTGAAGCCCACCGGCTCTGCCGTCGTG
GGCCTGTCTATGGCTGCCAGCTCTGCCCTGACCCTGGCCATCTACCACCCCCAGCAGTTCGTGTACGCTGGCGCC
ATGTCTGGCCTGCTGGATCCTTCTCAGGCCATGGGACCCACCCTGATCGGACTGGCTATGGGAGATGCCGGCGGA
TACAAGGCCAGCGACATGTGGGGCCCTAAAGAGGACCCCGCCTGGCAGAGAAACGACCCCCTGCTGAACGTGGGC
AAGCTGATCGCCAACAACACCAGAGTGTGGGTGTACTGCGGCAACGGCAAGCTGAGCGACCTGGGCGGCAACAAC
CTGCCCGCCAAGTTCCTGGAAGGCTTCGTGCGGACCAGCAACATCAAGTTCCAGGACGCCTACAACGCTGGCGGC
GGACACAACGGCGTGTTCGACTTCCCCGACAGCGGCACCCACAGCTGGGAGTATTGGGGAGCCCAGCTGAATGCC
ATGAAGCCCGACCTGCAGAGAGGCAGCAAGAAGCAGGGCGACGCCGACGTGTGTGGCGAGGTGGCCTACATCCAG
AGCGTGGTGTCCGACTGCCACGTGCCAACCGCCGAGCTGCGGACCCTGCTGGAAATCCGGAAGCTGTTCCTGGAA
ATCCAGAAACTGAAGGTGGAACTGCAGGGCCTGAGCAAAGAGTGA

SEQ ID NO: 55
MDAMKRGLCCVLLLCGAVFVSPSQEIHARFRRGSMQLVDRVRGAVTGMSRRLVVGAVGAA

LVSGLVGAVGGTATAGAFSRPGLPVEYLQVPSPSMGRD IKVQFQSGGANSPALYLLDGLR
AQDDFSGWDINTPAFEWYDQSGLSVVMPVGGQSSFYSDWYQPACGKAGCQTYKWETFLTS
ELPGWLQANRHVKPTGSAVVGLSMAASSALTLAIYHPQQFVYAGAMSGLLDPSQAMGPTL
IGLAMGDAGGYKASDMWGPKEDPAWQRNDPLLNVGKLIANNTRVWVY CGNGKLSDLGGNN
LPAKFLEGFVRTSNIKFQDAYNAGGGHNGVFDFPDSGTHSWEYWGAQLNAMKPDLQRGSK
KQGDADVCGEVAYIQSVVSDCHVPTAELRTLLEIRKLFLEIQKLKVELQGLSKE

SEQ ID NO: 56
ATGCAGCTGGTGGACAGAGTCAGAGGCGCCGTGACCGGCATGAGCAGACGGCTGGTCGTGGGAGCTGTCGGAGCC

GCTCTGGTGTCTGGACTCGTGGGAGCCGTGGGCGGAACAGCTACAGCCGGCGCTTTCAGCAGACCCGGCCTGCCC
GTGGAATATCTGCAGGTCCCCAGCCCCAGCATGGGCCGGGACATCAAGGTGCAGTTCCAGTCTGGCGGAGCCAALC
AGCCCTGCTCTGTACCTGCTGGACGGCCTGAGAGCCCAGGACGACTTCAGCGGCTGGGACATCAACACCCCCGCC
TTCGAGTGGTACGACCAGAGCGGCCTGTCTGTGGTCATGCCTGTGGGCGGCCAGAGCAGCTTCTACAGCGACTGG
TATCAGCCCGCTTGTGGCAAGGCCGGCTGCCAGACCTACAAGTGGGAGACATTCCTGACCAGCGAGCTGCCCGGC
TGGCTGCAGGCCAACAGACACGTGAAGCCCACCGGCTCTGCCGTCGTGGGCCTGTCTATGGCTGCCAGCTCTGCC
CTGACCCTGGCCATCTACCACCCCCAGCAGTTCGTGTACGCTGGCGCCATGTCTGGCCTGCTGGATCCTTCTCAG

GCCATGGGACCCACCCTGATCGGACTGGCTATGGGAGATGCCGGCGGATACAAGGCCAGCGACATGTGGGGCCCT
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AAAGAGGACCCCGCCTGGCAGAGAAACGACCCCCTGCTGAACGTGGGCAAGCTGATCGCCAACAACACCAGAGTG

TGGGTGTACTGCGGCAACGGCAAGCTGAGCGACCTGGGCGGCAACAACCTGCCCGCCAAGTTCCTGGAAGGCTTC

GTGCGGACCAGCAACATCAAGTTCCAGGACGCCTACAACGCTGGCGGCGGACACAACGGCGTGTTCGACTTCCCC

GACAGCGGCACCCACAGCTGGGAGTATTGGGGAGCCCAGCTGAATGCCATGAAGCCCGACCTGCAGAGAGCCCTG

GGCGCCACCCCTAATACTGGACCTGCTCCTCAGGGCGCATGA

SEQ ID  NO:57
gaagcaaggtgatgctgatg

SEQ ID NO:58 agggccctctagatgcatgetcgag eggecgcttattact
ecttgctcagt ecttge

SEQ ID NO:59
CGGGCTTGCCGGTGG

SEQ ID NO:60

GGGGGGATCCGGCGC-
CCTGGGGCGCGGGCCCGGTGTT

gaagcecgacctgecaacgtggatccaa-

GGGGCATATGTTTTCCCGGC-

LIST OF FIGURES

FIG. 1: Screening of DNA in Balb/c Mice

Balb/c mice were immunised intramuscularly (im) at
weeks 0 and 2 with 50 pg of either DNA-85A or DNA-
85AIMX313. IFN-y ELISpot was used to measure the
response to pl5 and p11 together in the blood 12 days after
each vaccination (panel a.) of each individual peptide in the
spleen 14 days after the final vaccination.

FIG. 2: Screening of MVA in Balb/c Mice

Balb/c mice were immunised with 106 PFU of MVA-85A
or MVA-85AIMX313 via the intramuscular (panel a.) or
intradermal (id) (panel b.) route at day 0 and the response to
pl5 and p11 measured in the spleen of all animals 1 week
later.

Balb/c mice were immunised im with 106 PFU or MVA-
85A or MVA-85AIMX313 at weeks 0 and 2. Intracellular
cytokine staining was performed on blood samples taken 1
week after the prime or boost vaccination. Graphs represent
the frequency of IFN-y producing CD4+ (panel c.) or CD8+
(panel d.) cells.

For all graphs, the bar represents the mean per group with
each individual animal displayed as a single point.

FIG. 3: IFN-y ELISpot Responses to Antigen 85A

Male rhesus macaques were immunised at weeks 0 and 6
with either 106 PFU MVA-85A or MVA-85AIMX313 and
the response to antigen 85A measured in the blood by IFN-y
ELISpot before vaccination (pre) and fortnightly from week 1
onwards. Graphs represent the response of each individual
animal to a single pool containing all 85A peptides (panels
a. & b.) or the sum of 7 separate peptide pools (panels d. & e.)
for animals immunised with MVA-85A (panels a. & d.) or
MVA-85AIMX313 (panels b. & e.).

Panels c. & f: Graphs represent the grouped response to
85A (panel c.) or the sum of all pools (panel f.) at week 1 or
week 7 post vaccination Bars represent the median group
response with each animal displayed as a single point.

Panels g. & h.: The graph displays the response to each
peptide pool as a percentage of the summed pool response at
week 1 (panel g.) or week 7 (panel h.). Bars represent the
median response per group with each animal displayed as a
single point.

FIG. 4: Cytokine Secretion 1 Week after Boosting Vaccine

Week 7 frozen PBMCs samples were thawed rested over-
night prior to restimulation for 6 hours in the presence of
anti-CD28, anti-CD49d and 2nug/m1 of antigen 85A peptides
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with the addition of golgi-plug and golgi-stop for the final 4
hours of stimulation. Samples were surfaced stained for CD4,
CD8, CD3, CD45RA, CD95, CD14 and CD20 prior to fixa-
tion and intracellular staining for IFN-y(panel (a.)), TNF-a
(panel (b.)) and IL.-2 (panel (c.)). Samples were gated on size,
CD14- and CD20-, CD3+prior to separation into CD4+and
CDS8+cells and analysis of the frequency and mean fluores-
cence intensity of each cytokine The frequency of antigen
specific cytokine production was determined after subtrac-
tion of the frequency of cytokine positive cells in the unstimu-
lated control. The integrated mean fluorescence intensity was
calculated by multiplying the frequency by MFI and then
subtracting the iMFI from the corresponding unstimulated
control.

FIG. 5: Polyfunctionality of the Cytokine Response 1
Week after Boosting Vaccination.

In the same samples as described in FIG. 4, responses to
each of the 3 cytokines were simultaneously analysed to
determine the frequency and proportion of cells making
either 1 single cytokine, a combination of 2 cytokines or all 3
cytokines.

Panels a. & c.: Pie charts represent the proportion of CD4+
(panel a.) or CD8+ (panel c.) cytokine producing cells which
produce all 3 cytokines (black), a combination of 2 cytokine
(darker grey) or only 1 cytokine (light grey).

Panels b.& d.: Graphs represent the frequency of each
population of cytokine producing cells relative to the overall
population of CD4+ (panel b.) or CD8+ (panel d.) cells. Bars
represent the median per group with each animal displayed as
a single point.

FIG. 6: Distribution of Cytokine Producing Cells into
Effector and Memory Subsets.

In the same samples described in FIG. 4, cytokine produc-
ing cells (IFN-y+ or TNF-a+ or IL-2+ cells) were further
subdivided into CD45RA+, CD95- T effector cells (Tef?),
CD45RA+ CD95+ T effector memory cells (Tem) or
CD45RA~, CD95+ T central memory cells. Graphs represent
the absolute frequency of CD4+ (panel a.) or CD8+ (panel c.)
Teff, Tem, Tcm or the proportion of cytokine producing
CD4+ (panel b.) or CD8+ (panel d.) cells within each popu-
lation. Lines represent the median per group with each animal
displayed as a single point.

FIG. 7: IMX313 with Two Malaria Antigens

Panel a.: Balb/c mice were immunized intramuscularly on
weeks 0 and 2 with 50 ug DNA-meTRAP or DNA-me-
TRAPIMX313 with spleen harvested 2 weeks later to deter-
mine frequency of antigen specific (Pb9) cells by IFN-y
ELISpot.

Panel b.: Balb/c mice were immunized intradermally with
either AdCh63-meTRAP or AdCh63-meTRAPIMX313 at
two separate doses (5x105 or 5x104 ihu). Spleen ELISpot
were performed 2 weeks after immunization to determine the
frequency of antigen specific IFN-y producing cells.

Panel c.: Balb/c mice were immunized intramuscularly on
weeks 0 and 2 with 50 pg DNA-CSN or DNA-CSNIMX313
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with spleen harvested 2 weeks later to determine frequency of
antigen specific (Ph9) cells by IFN-y ELISpot.

Panel d.: Balb/c mice were immunized intramuscularly
with either AACh63-CSN or AdCh63-CSNIMX313 at two
separate doses (108 or 5x106 ihu). Spleen ELISpot were
performed 2 weeks after immunization to determine the fre-
quency of antigen specific IFN-y producing cells.

The invention will be further clarified by the following
examples, which are intended to be purely exemplary of the
invention and in no way limiting.

EXAMPLES
Example 1

Derivation of the Plasmids for Expressing the
85AIMX313 Fusion Proteins

C4bp oligomerization domains are well known in the art.
The cloning, expression and purification of various C4bp
oligomerization domains including murine, chicken, and
human C4bp oligomerization domains is routine in the art
(see for example, WO 08/122,817, EP 1795540 and WO
91/11461).

Construction of pSG2-85A313

The DNA encoding the IMX313 domain was amplified,
from the plasmid pIMX313 using PCR and the following
oligonucleotides:

oIMX1027

(SEQ ID NO: 57)
5' gaagcccgacctgcaacgt ggatcce aagaagcaaggtgatge
tgatg 3!
oIMX1028

(SEQ ID NO: 58)

5' agggccctctagatgcatgcetegageggecgettattactecttge
tcagtccttge 3!

The 229 base pair PCR product was then inserted into the
DNA vaccination vector pSG2-85A (described in Taracha et
al. Infect Immun 71, 6904; 2003) using the site-directed
mutagenesis method described by Geiser et al. (Biotech-
niques 31, 88; 2001). This replaced the nine amino acid
epitope at the C-terminus of the 85A reading frame (and the
TGA stop codon) by the DNA encoding the IMX313 domain
(and two TAA stop codons). The entire sequence encoding
the 85AIMX313 fusion protein was confirmed by DNA
sequencing.

Construction of pMVA-GFP-TD-85A313

The plasmid pSG2-85A313 was partially digested with
Agel followed by complete digestion with Notl. The DNA
encoding the 85AIMX313 reading frame was obtained by gel
purification and then ligated into the vaccinia transfer vector
pPMVA-GFP-TD, which had been digested (to completion)
with Agel and Notl and dephosphorylated, before being gel
purified. This results in the expression of the 85AIMX313
fusion protein from the Vaccinia P7.5 promoter after standard
methods were used to transfer the plasmid insert into the TK
locus in MVA. The junctions of the insert with the vector
backbone and the entire 85AIMX313 open reading frame
were confirmed by DNA sequencing.

Example 2

Cloning and Expression of the IMX313 Domain
Fused to the Mycobacterial Antigen 85A

The DNA fragment encoding the IMX313 oligomerization
domain is amplified as in Example labove, and the PCR
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product is digested with the restriction enzymes BamHI and
Notl and cloned into the pRsetA vector from Invitrogen
which is digested with the same restriction enzymes, thus
creating the plasmid pRsetA313. In a second PCR, the 85A
antigen is amplified from the plasmid pSG2-85A (see
Example 1 above) with the following oligonucleotides:

85AN:
(SEQ ID NO: 59)
5' GGGGCATATGTTTTCCCGGCCGGGCTTGCCGGTGG 3!
and
85AC:
(SEQ ID NO: 60)

5' GGGGGGATCCGGCGCCCTGGGGCGCGGGCCCGGTGTT 3!

and the PCR product is digested with the restriction
enzymes Ndel and BamHI and cloned into the plasmid
pRsetA313, thus creating pRset85A313.

Expression.

The plasmid pRsetA85A313 is transformed into the E. coli
strain C41(DE3). The transformed cells are grown in LB
medium at 37° C. to an OD600 of approximately 0.6, then
expression is induced with IPTG at a final concentration of
0.5 mM, and the culture is grown for a further four hours at
37° C. at which point the cells were harvested by centrifuga-
tion.

Purification of 8SAIMX313 Protein

The protein 85AIMX313 is purified from 1 litre of C41
(DE3) cells. All of the protein is found in the soluble fraction
after the cells are lysed by sonication in a buffer containing 20
mM MES pH6.5, 5 mM EDTA and a cocktail of protease
inhibitors (Roche). The supernatant after centrifugation is
loaded on a HitrapS column.

Cationic Column (HiTrap S)

The column is equilibrated in 20 mM MES pH 6.5, 5 mM
EDTA bufter (buffer A). The protein is eluted with a gradient
of 10 column volumes from Buffer A to Buffer B (buffer A
plus 1M NaCl). The HiTrapS fractions containing
85AIMX313 are concentrated using a Millipore concentrator
(cut-off 30 K)) and then loaded on a gel filtration column, after
denaturation overnight in a final volume of 10 mls in a buffer
containing 50 mM Tris pH8 and 8M Urea.

First Gel Filtration Column (Superdex 200 26/60 Prep Grade)
in the Presence of Urea

A Superdex 200 26/60 column is equilibrated with 20 mM
Tris buffer pH8, 150 mM NaCl and 8M urea, and the concen-
trated 85AIMX313 protein from the HiTrapS fractions is
loaded. The fractions containing the 8SAIMX313 are pooled,
concentrated using a Millipore concentrator (cut-off 30K)
and loaded onto a second Superdex 200 26/60 column, equili-
brated in PBS.

Second Gel Filtration Column (Superdex 200 26/60 Prep
Grade)

The concentrated 85AIMX313 protein from the first
Superdex 200 26/60 column is loaded. The protein, no longer
denatured, elutes as a heptamer and the fractions containing it
are pooled.

Biophysical Characterisation

The oligomeric state of the 85 AIMX313 protein is checked
by comparing its behaviour on an SDS-PAGE gel in the
presence and absence of the reducing agent beta-mercaptoet-
hanol (BME). The 85AIMX313 protein has an apparent size
of approximately 150 kDa in the absence of BME (the intra-
subunit disulphide bonds have formed following exposure to
air), whereas in the presence of BME, it is reduced and runs
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with an apparent size of just over 22 kDa (as the disulphide
bonds are unable to form in the reducing environment of the
bacterial cytosol).

Depending on the intended uses of the 8SAIMX313 pro-
tein, the protein may be subjected to further purification steps,
for example dialysis, or to concentration steps, for example
freeze drying and can be administered either in PBS or for-
mulated with adjuvants. Preferably at least two injections
containing up to 100 micrograms of protein will be given
subcutaneously at least two weeks apart.

Example 3

Results of Antigen-IMX313 Vaccines in Mice and
Primates

Animals and Immunisations

Female Balb/c mice of 6 weeks of age or older (Harlan,
UK) were used in accordance with the Home Office Animals
Act Project License. Mice were immunised intramuscularly
(im) into the musculus tibialis or intradermally (id) into the
ear with a total volume of 50 pl of DNA or MVA diluted in
PBS. For DNA immunization, mice received 50 ug of DNA
per immunization and for MVA vaccinations, mice received
10° plaque forming units (PFU) per immunization.

Male rhesus macaques aged between 2% to 6 years of age
received 2 immunisation with 10® PFU of MVA at weeks 0
and 6 into the deltoid muscle (arms were switched between
vaccinations). 15 mls of blood for PBMCs isolation and 5 mls
of blood for serum were taken fortnightly from week 1
onwards. Blood samples were kept at room temperature for
subsequent processing and assays.

Fusion of 85A to the IMX313 Domain Enhances CD4 and
CDS8 Responses in Mice

To assess the capacity of the IMX313 domain to enhance
the immune response to Antigen 85A, initial screening
experiments with DNA and MVA vectors were performed in
mice. An increase in the response to the dominant CD4 (p15)
and CD8 (p11) epitopes was observed in the blood following
a single immunisation (FIG. 1a), which was further enhanced
after a second immunisation (FIG. 1a). In the spleen, a small
increase in the CD4 (p15) response was observed (FIG. 156)
and this enhancement was more apparent in the p11 specific
response (CD8) where a statistically significant increase was
observed (p=0.0082) (FIG. 15).

Immunisation with MVA vectors displayed a similar
enhancement of the response to 85A by fusion to IMX313. 1
week after intramuscular vaccination with MVA-
85AIMX313, statistically significant increases in both p15
and pl1 specific responses were observed in the spleen (FIG.
2a), a similar enhancement was also observed when mice
immunised by the intradermal route (FIG. 24). In agreement
with the prime-boost data for DNA vaccines, the enhance-
ment in the response to 85A observed after a single immuni-
sation was further enhanced following a second homologous
immunisation (FIG. 2¢, d).

MVA-85AIMX313 Enhances the Immune Response in
Rhesus Macaques

Following on from the significant adjuvant capacity of
fusion to IMX313 observed in mice, the immune response to
MVA-85A and MVA-85AIMX313 vaccines were compared
in rhesus macaques. Animals were immunised intramuscu-
larly at week 0 and week 6 with the response to Antigen 85A
measured by IFN-y ELISpot. The peak in the response to the
total 85A pool or the sum of peptide pools was observed 1
weak following each vaccination (FIG. 3). When comparing
the peak responses after each vaccination, a higher median
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85A total pool response was observed in animals vaccinated
with the MVA-85AIMX313 fusion compared to MVA-85A
alone after both vaccinations (FIG. 3¢), with the greatest fold
increase observed after the second immunisation (1.86 fold
prime vs 4.40 fold boost). While a similar median response to
the sum of 85A peptide pools was observed at week 1, a 6.9
fold increase in the median response was observed 1 week
after the second vaccination in the group of animals immu-
nised with MVA-85AIMX313 (FIG. 3f). When comparing
the breadth of the response to antigen 85A peptide pools, no
difference between animals immunised with 85A or
85AIMX313 was seen at week 1 or week 7 (FIG. 3).

Flow cytometry analysis was used to further investigate the
antigen specific response in each of these animals. 1 week
after boosting these animals, a trend towards higher frequen-
cies of IFN-y, TNF-a and 1L.-2 was observed in the groups of
macaques immunised with MVA-85AIMX313 (FIG.4).Ona
per cell basis, animals in this same group produced higher
amounts of each cytokine as measured by mean fluorescence
intensity (FIG. 4).

The trend towards higher frequencies of cytokine secreting
cells in animals immunised with MVA-85AIMX313 was also
observed for each of the polyfunctional populations of cells
producing either 1, 2 or 3 simultaneous cytokines (FIG. 5)
with equal distribution of cytokine producing cells into each
sub-type observed between the two groups (FIG. 5). On
analysis of the effector and memory phenotype of cytokine
producing cells, animals immunised with MVA-85AIMX
313 had an overall increase in the frequency of each of the T
cell subtypes relative to the overall population of CD4 or CD8
cells (FIG. 5) without altering the proportion of each of these
subtypes (FIG. 5). In summary, immunisation with MVA-
85AIMX313 increased the overall frequency of antigen spe-
cific cells without shifting the quality of the response towards
either a particular cytokine producing population or effector/
memory subset. In addition, the breadth and polyfunctional-
ity of the response observed in macaque show a striking
similarity to the response observed in human volunteers
immunised with MVA-85A. Based on this evidence we would
predict that MVA-85AIMX313 would have similar adjuvant
capacity in humans and enhance the level of the response
without altering the quality.

IMX313 Does not Enhance the Immune Response to Malaria
Antigens CS and meTRAP from Plasmodium falciparum

IMX313 was fused to two different antigens from Plasmo-
dium falciparum, circumsporozoite protein (CS) and
meTRAP, a multi-epitope string fused to Thrombospodin-
Related Adhesion Protein (TRAP) to assess the capacity of
the IMX313 domain to enhance the immune response to
different antigens. Balb/c mice were immunized intramuscu-
larly and samples were analyzed 2 weeks later. The IMX313
fusions in DNA vaccines did not display an enhancement in
either the response to meTRAP (FIG. 7a) or CS (FIG. 7¢).
Screening in Adenovirus vaccine displayed a similar lack of
IMX313 adjuvant effect; no increase in the response to
meTRAP (FIG. 76) or CS (FIG. 7d) was observed by fusion
ofeither antigen to IMX313 at all vaccine doses tested. While
a consistent enhancement in the response to Antigen 85A was
observed by fusion to IMX313 (FIG. 1-6), for the two malaria
antigens tested to date, no adjuvant effect of IMX313 was
observed in either a DNA or Adenovirus vaccine platform.
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Example 4

Construction of a Human, Simian and Chimpanzee Adenovi-
ral Vectors Expressing the 85AIMX313 Fusion Protein

The adenoviral transfer vector pENTR4-LP is described in
Sridhar et al. 2008 which is incorporated herein by reference
thereto (J Virol. 2008, volume 82, pages 3822-3833). The
Agel (partial)-Notl fragment described in Example 1 (above)
encoding the 85AIMX313 fusion protein is cloned into the
Agel and Notl sites of pENTR4-LP. Using this newly
obtained transfer vector, called pIMX462, the expression
construct is recombined with pAd/PL-DEST to generate
recombinant AdHS adenoviruses expressing the 8SAIMX313
fusion protein.

Mice are immunized as described in the cited publication
and both CD4 and CD8 immune responses in these mice are
measured as described in Example 3 above. Similar adenovi-

64

ral vectors, derived from the human Adenoviruses 11, 26, 35,
48 and are constructed using the methods cited in the publi-
cations of Lemckert et al. 2005 (J FVirol. 2005, volume 79,
pages 9694-9701) and Abbink et al. 2007 (J Virol. 2007,
volume 81, pages 4654-4663), both of which are incorporate
herein by reference thereto, and tested as the adenoviral5
vectors are. To construct simian or chimpanzee adenoviral
vectors, methods similar or identical to those published, for
example by Farina et al. (J Virol. 2001, volume 75, pages

10 11603-11613), and by Roy et al. (Hum Gene Ther. 2004,

volume 15, pages 519-530) are used. Farina et al. 2001 is
incorporated herein by reference thereto.

Expression ofthe 85AIMX313 fusion protein in the above-
described human, simian and chimpanzee vectors results in

15 an enhanced immune response/positive immunogenicity

results in both mice and primates compared to expression of
85A peptide alone.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 60

<210> SEQ ID NO 1

<211> LENGTH: 55

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Sequence

<400> SEQUENCE: 1

Lys Lys Gln Gly Asp Ala Asp Val Cys Gly Glu Val Ala Tyr Ile Gln

1 5 10

15

Ser Val Val Ser Asp Cys His Val Pro Thr Ala Glu Leu Arg Thr Leu

20 25

30

Leu Glu Ile Arg Lys Leu Phe Leu Glu Ile Gln Lys Leu Lys Val Glu

35 40 45

Leu Gln Gly Leu Ser Lys Glu
50 55

<210> SEQ ID NO 2

<211> LENGTH: 171

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 2

aagaagcaag dgtgatgctga tgtgtgegga gaggttgett atattcagag cgtcegtctece 60
gattgccacyg tgcctacage ggaactgegt actctgetgg aaatacgaaa actcttectg 120
gagattcaaa aactgaaggt ggaattgcaa ggactgagca aggagtaata a 171

<210> SEQ ID NO 3

<211> LENGTH: 338

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 3

Met Gln Leu Val Asp Arg Val Arg Gly Ala Val Thr Gly Met Ser Arg
1 5 10 15

Arg Leu Val Val Gly Ala Val Gly Ala Ala Leu Val Ser Gly Leu Val
20 25 30

Gly Ala Val Gly Gly Thr Ala Thr Ala Gly Ala Phe Ser Arg Pro Gly
35 40 45
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66

Leu

Ile

65

Leu

Asn

Met

Ala

Thr

145

Thr

Thr

Ser

Leu

Pro

225

Gly

Gly

Glu

Ala

His

305

Leu

Gly

Pro

50

Lys

Leu

Thr

Pro

Cys

130

Ser

Gly

Leu

Gly

Ala

210

Lys

Lys

Lys

Gly

Gly

290

Ser

Gln

Ala

Val

Val

Asp

Pro

Val

115

Gly

Glu

Ser

Ala

Leu

195

Met

Glu

Leu

Pro

Phe

275

Gly

Trp

Arg

Glu

Gln

Gly

Ala

100

Gly

Lys

Leu

Ala

Ile

180

Leu

Gly

Asp

Ile

Ser

260

Val

Gly

Glu

Ala

Tyr

Phe

Leu

85

Phe

Gly

Ala

Pro

Val

165

Tyr

Asp

Asp

Pro

Ala

245

Asp

Arg

His

Tyr

Leu
325

<210> SEQ ID NO 4

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mycobacterium tuberculosis

PRT

<400> SEQUENCE:

Met

1

Ile

Gly

Glu

Gln
65

Thr

Gly

Gly

Tyr

50

Phe

325

4

Asp Val Ser

Thr

Ala

35

Leu

Gln

Ala

20

Ala

Gln

Ser

5

Ala

Thr

Val

Gly

Leu

Gln

70

Arg

Glu

Gln

Gly

Gly

150

Val

His

Pro

Ala

Ala

230

Asn

Leu

Thr

Asn

Trp

310

Gly

Arg

Ala

Ala

Pro

Gly
70

Gln

55

Ser

Ala

Trp

Ser

Cys

135

Trp

Gly

Pro

Ser

Gly

215

Trp

Asn

Gly

Ser

Gly

295

Gly

Ala

Lys

Val

Gly

Ser

55

Asn

Val

Gly

Gln

Tyr

Ser

120

Gln

Leu

Leu

Gln

Gln

200

Gly

Gln

Thr

Gly

Asn

280

Val

Ala

Thr

Ile

Val

Ala

40

Pro

Asn

Pro

Gly

Asp

Asp

105

Phe

Thr

Gln

Ser

Gln

185

Ala

Tyr

Arg

Arg

Asn

265

Ile

Phe

Gln

Pro

Arg

Leu

25

Phe

Ser

Ser

Ser

Ala

Asp

90

Gln

Tyr

Tyr

Ala

Met

170

Phe

Met

Lys

Asn

Val

250

Asn

Lys

Asp

Leu

Asn
330

Ala

10

Pro

Ser

Met

Pro

Pro

Asn

75

Phe

Ser

Ser

Lys

Asn

155

Ala

Val

Gly

Ala

Asp

235

Trp

Leu

Phe

Phe

Asn

315

Thr

Trp

Gly

Arg

Gly

Ala
75

Ser

60

Ser

Ser

Gly

Asp

Trp

140

Arg

Ala

Tyr

Pro

Ser

220

Pro

Val

Pro

Gln

Pro

300

Ala

Gly

Gly

Leu

Pro

Arg

60

Val

Met Gly Arg

Pro

Gly

Leu

Trp

125

Glu

His

Ser

Ala

Thr

205

Asp

Leu

Tyr

Ala

Asp

285

Asp

Met

Pro

Arg

Val

Gly

45

Asp

Tyr

Ala

Trp

Ser

110

Tyr

Thr

Val

Ser

Gly

190

Leu

Met

Leu

Cys

Lys

270

Ala

Ser

Lys

Ala

Arg

Gly

30

Leu

Ile

Leu

Leu

Asp

95

Val

Gln

Phe

Lys

Ala

175

Ala

Ile

Trp

Asn

Gly

255

Phe

Tyr

Gly

Pro

Pro
335

Leu

15

Leu

Pro

Lys

Leu

Asp

Tyr

80

Ile

Val

Pro

Leu

Pro

160

Leu

Met

Gly

Gly

Val

240

Asn

Leu

Asn

Thr

Asp

320

Gln

Met

Ala

Val

Val

Asp
80
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Gly

Ala

Gly

Lys

Leu

145

Ala

Ala

Leu

Gly

Asp

225

Asn

Gly

Glu
305

Ser

Leu

Phe

Gly

Ala

130

Pro

Ala

Tyr

Asp

Asp

210

Pro

Ala

Glu

Arg

His

290

Tyr

Leu

Arg

Glu

Gln

115

Gly

Gln

Ile

His

Pro

195

Ala

Ala

Asn

Leu

Ser

275

Asn

Trp

Gly

Ala

Trp

100

Ser

Cys

Trp

Gly

Pro

180

Ser

Gly

Trp

Asn

Gly

260

Ser

Ala

Gly

Ala

Gln

85

Tyr

Ser

Gln

Leu

Leu

165

Gln

Gln

Gly

Glu

Thr

245

Gly

Asn

Val

Ala

Gly
325

<210> SEQ ID NO 5

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mycobacterium tuberculosis

PRT

<400> SEQUENCE:

Met

1

Leu

Gly

Arg

Gly

65

Tyr

Ile

Ile

Thr

Pro

Leu

Pro

50

Arg

Leu

Asn

Met

Phe

Arg

Val

35

Gly

Asp

Leu

Thr

Pro
115

Phe

Arg

20

Gly

Leu

Ile

Asp

Pro

100

Val

340

5

Glu

5

Leu

Thr

Pro

Lys

Gly

85

Ala

Gly

Asp

Tyr

Phe

Thr

Ser

150

Ser

Gln

Gly

Tyr

Arg

230

Arg

Ala

Leu

Phe

Gln
310

Gln

Ala

Phe

Val

Val

70

Leu

Phe

Gly

Asp

Gln

Tyr

Tyr

135

Ala

Met

Phe

Met

Lys

215

Asn

Leu

Asn

Lys

Asn

295

Leu

Val

Ile

Gly

Glu

55

Gln

Arg

Glu

Gln

Tyr

Ser

Ser

120

Lys

Asn

Ala

Ile

Gly

200

Ala

Asp

Trp

Ile

Phe

280

Phe

Asn

Arg

Ala

Gly

40

Tyr

Phe

Ala

Glu

Ser
120

Asn

Gly

105

Asp

Trp

Arg

Gly

Tyr

185

Pro

Ala

Pro

Val

Pro

265

Gln

Pro

Ala

Arg

Ala

Pro

Leu

Gln

Gln

Tyr

105

Ser

Gly

Leu

Trp

Glu

Ala

Ser

170

Ala

Ser

Asp

Thr

Tyr

250

Ala

Asp

Pro

Met

Leu

10

Met

Ala

Gln

Gly

Asp

90

Tyr

Phe

Trp

Ser

Tyr

Thr

Val

155

Ser

Gly

Leu

Met

Gln

235

Cys

Glu

Ala

Asn

Lys
315

Arg

Gly

Thr

Val

Gly

75

Asp

Gln

Tyr

Asp

Ile

Ser

Phe

140

Lys

Ala

Ser

Ile

Trp

220

Gln

Gly

Phe

Tyr

Gly

300

Gly

Ser

Ala

Ala

Pro

60

Gly

Tyr

Ser

Thr

Ile

Val

Pro

125

Leu

Pro

Met

Leu

Gly

205

Gly

Ile

Asn

Leu

Asn

285

Thr

Asp

Ala

Val

Gly

45

Ser

Pro

Asn

Gly

Asp
125

Asn

Met

110

Ala

Thr

Thr

Ile

Ser

190

Leu

Pro

Pro

Gly

Glu

270

Ala

His

Leu

Ala

Leu

30

Ala

Ala

His

Gly

Leu

110

Trp

Thr

95

Pro

Cys

Ser

Gly

Leu

175

Ala

Ala

Ser

Lys

Thr

255

Asn

Ala

Ser

Gln

Thr

15

Val

Phe

Ser

Ala

Trp
95

Ser

Tyr

Pro

Val

Gly

Glu

Ser

160

Ala

Leu

Met

Ser

Leu

240

Pro

Phe

Gly

Trp

Ser
320

Thr

Tyr

Ser

Met

Val

80

Asp

Val

Gln
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-continued

70

Pro

Leu

145

Pro

Leu

Leu

Gly

Gly

225

Ile

Asn

Leu

Ala

Thr

305

Asp

Ala

Ser

130

Thr

Thr

Ile

Ser

Leu

210

Pro

Pro

Gly

Glu

Ala

290

His

Ile

Pro

Gln

Arg

Gly

Leu

Gly

195

Ala

Ser

Arg

Thr

Gly

275

Asp

Ser

Gln

Ala

Ser

Glu

Asn

Ala

180

Phe

Met

Ser

Leu

Pro

260

Leu

Gly

Trp

His

Ala
340

Asn

Met

Ala

165

Ala

Leu

Asn

Asp

Val

245

Ser

Thr

Gly

Pro

Val
325

<210> SEQ ID NO 6

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mycobacterium tuberculosis

PRT

<400> SEQUENCE:

Met
1

Ala

Lys

Glu

Leu
65

Gln

<210>
<211>
<212>
<213>

<400>

Thr

Ile

Gln

Ala

50

Asn

Ala

Glu

Gln

Ser

35

Tyr

Asn

Met

Gln

Gly

20

Leu

Gln

Ala

Ala

PRT

SEQUENCE :

96

95

6

Gln

5

Asn

Thr

Gly

Leu

Ser
85

SEQ ID NO 7
LENGTH:
TYPE :
ORGANISM: Mycobacterium tuberculosis

7

Gly

Pro

150

Ala

Tyr

Asn

Asp

Pro

230

Ala

Asp

Leu

Arg

Tyr

310

Leu

Trp

Val

Lys

Val

Gln

70

Thr

Gln

135

Ala

Val

Tyr

Pro

Ser

215

Ala

Asn

Leu

Arg

Asn

295

Trp

Asn

Asn

Thr

Leu

Gln

55

Asn

Glu

Asn

Trp

Gly

Pro

Ser

200

Gly

Trp

Asn

Gly

Thr

280

Gly

Asn

Gly

Phe

Ser

Ala

Gln

Leu

Gly

Tyr

Leu

Leu

Gln

185

Glu

Gly

Lys

Thr

Gly

265

Asn

Val

Glu

Ala

Ala

Ile

25

Ala

Lys

Ala

Asn

Thr

Gln

Ser

170

Gln

Gly

Tyr

Arg

Arg

250

Asp

Gln

Phe

Gln

Thr
330

Gly

10

His

Ala

Trp

Arg

Val
90

Tyr

Ala

155

Met

Phe

Trp

Asn

Asn

235

Ile

Asn

Thr

Asn

Leu

315

Pro

Ser

Trp

Asp

Thr

75

Thr

Lys

140

Asn

Ser

Pro

Trp

Ala

220

Asp

Trp

Ile

Phe

Phe

300

Val

Pro

Glu

Leu

Gly

Ala

60

Ile

Gly

Trp

Lys

Gly

Tyr

Pro

205

Asn

Pro

Val

Pro

Arg

285

Pro

Ala

Ala

Ala

Leu

Gly

Thr

Ser

Met

Glu

Gly

Gly

Ala

190

Thr

Ser

Met

Tyr

Ala

270

Asp

Pro

Met

Ala

Ala

Asp

30

Ser

Ala

Glu

Phe

Thr

Val

Ser

175

Ala

Leu

Met

Val

Cys

255

Lys

Thr

Asn

Lys

Pro
335

Ala

15

Glu

Gly

Thr

Ala

Ala
95

Phe

Ser

160

Ala

Ser

Ile

Trp

Gln

240

Gly

Phe

Tyr

Gly

Ala

320

Ala

Ser

Gly

Ser

Glu

Gly
80

Met Ser Gln Ile Met Tyr Asn Tyr Pro Ala Met Leu Gly His Ala Gly

1

5

10

15
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-continued

72

Asp

Ala

Ile

Leu

65

Met

<210>
<211>
<212>
<213>

<400>

Met

1

Val

Ala

Pro

Asn

65

Gly

Ile

Thr

Gly

145

Gly

Gly

Leu

Gly

Ala

225

Ile

Gly

Gly

Gly

Met

Val

Thr

50

Val

Ala

Ser

Leu

Pro

Leu

50

Ile

Ile

Ala

Tyr

Leu

130

Gly

Gln

Gln

Asn

Gly

210

Ala

Pro

Gly

Val

Ser

Ala

Glu

35

Tyr

Arg

Met

Asn

Ala

Pro

35

Asp

Asn

Val

Gly

Gly

115

Gln

Val

Gly

Thr

Gly

195

Pro

Ser

Ile

Ser

Val
275

Ala

Gly

Gln

Gln

Ala

Met

PRT

SEQUENCE :

Ser

Ala

20

Ala

Pro

Thr

Ile

Ala

100

Val

Leu

Ala

Gly

Val

180

Leu

Val

Asp

Gly

Pro
260

Asp

Pro

Tyr

Ala

Ala

Tyr

Ala
85

SEQ ID NO 8
LENGTH:
TYPE :
ORGANISM:

355

Ala

Ala

Trp

His

70

Arg

Gly

Leu

Gln

55

Ala

Asp

Thr

Gln

40

Ala

Met

Thr

Leu

25

Ser

Gln

Ser

Ala

Gln

Ala

Trp

Ser

Glu
90

Ser

Trp

Asn

Thr

75

Ala

Mycobacterium tuberculosis

8

Arg

Val

Leu

Ser

Lys

Asp

85

Thr

Asp

Arg

Val

Thr

165

Gln

Ile

Val

Asn

Gln

245

Thr

Asn

Ala

Arg

Gly

Ser

Ala

Leu

70

Pro

Asp

Val

Gly

Gly

150

Pro

Ala

Gln

Asn

Phe

230

Ala

Val

Asn

Ala

Arg

Leu

Gln

Met

55

Gly

Asn

Ile

Val

Ala

135

Glu

Arg

Ser

Phe

Gly

215

Gln

Met

His

Gly

Ser

Ser

Gly

Asp

40

Val

Tyr

Gly

Asn

Gly

120

Gly

Pro

Ala

Asp

Asp

200

Leu

Leu

Ala

Ile

Asn
280

Leu

Leu

Leu

25

Arg

Ala

Asn

Val

Ala

105

Tyr

Gly

Val

Val

Ser

185

Ala

Gly

Ser

Ile

Gly
265

Gly

Gly

Arg

Ala

Phe

Gln

Asn

Val

90

Phe

Asp

Leu

Val

Pro

170

Leu

Ala

Gln

Gln

Ala

250

Pro

Ala

Ile

Trp

Thr

Ala

Val

Ala

75

Leu

Ser

Arg

Pro

Ala

155

Gly

Thr

Ile

Val

Gly

235

Gly

Thr

Arg

Ser

Leu

Gln

Gln

60

His

Ala

Ser

Ala

Asp

Gly

60

Val

Thr

Val

Thr

Ser

140

Met

Arg

Gly

Gln

Val

220

Gly

Gln

Ala

Val

Thr

Gly

Gly

45

Ala

Glu

Lys

Trp

Pro

Phe

45

Pro

Gly

Asn

Gly

Gln

125

Ala

Gly

Val

Ala

Pro

205

Gly

Gln

Ile

Phe

Gln
285

Gly

Ala

Asp

Met

Ala

Trp

Leu

Ala

30

Pro

Gln

Ala

Asn

Ser

110

Asp

Ala

Asn

Val

Glu

190

Gly

Met

Gly

Arg

Leu
270

Arg

Asp

Glu

Thr

Glu

Asn

Gly

Leu

15

Gln

Ala

Val

Gly

His

95

Gly

Val

Ile

Ser

Ala

175

Glu

Asp

Asn

Phe

Ser
255
Gly

Val

Val

Ile

Gly

Asp

Thr

80

Gly

Ser

Ala

Leu

Val

Thr

80

Val

Gln

Ala

Gly

Gly

160

Leu

Thr

Ser

Thr

Ala

240

Gly

Leu

Val

Ile
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-continued

74

Thr

305

Ala

Thr

Pro

290

Ala

Leu

Lys

Pro

Val

Asn

Ser

Ala
355

Asp Gly Ala

310

Gly His His

325

Gly Gly Thr

340

<210> SEQ ID NO 9

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Val Asp Phe

1

Tyr

Asp

Leu

65

Ala

Ala

Glu

Gln

Trp

145

Thr

Ser

Asp

Gln

Gly

225

Met

Ser

Ala

Met

Ala

Ser

Val

50

Met

Gly

Tyr

Asn

Asn

130

Ala

Ala

Ala

Thr

Gln

210

Gly

Val

Met

Ala

Ser
290

Gly

Val

35

Trp

Val

Gln

Glu

Arg

115

Thr

Gln

Thr

Gly

Ala

195

Leu

Leu

Ser

Thr

Ala

275

Ser

Pro

20

Ala

Gly

Ala

Ala

Thr

100

Ala

Pro

Asp

Ala

Gly

180

Ala

Ala

Trp

Met

Asn
260

Gln

Leu

391

295

Pro Ile Asn Ser Ala

315

Pro Gly Asp Val Ile

330

Arg Thr Gly Asn Val

345

Mycobacterium tuberculosis

9

Gly

Gly

Ser

Leu

Ala

Glu

85

Ala

Glu

Ala

Ala

Thr

165

Leu

Ala

Gln

Lys

Ala
245
Thr

Ala

Gly

Ala

Ser

Asp

Thr

Ala

70

Leu

Tyr

Leu

Ile

Ala

150

Leu

Leu

Asn

Pro

Thr

230

Asn

Leu

Val

Ser

Leu

Ala

Leu

Val

55

Ser

Thr

Gly

Met

Ala

135

Ala

Leu

Glu

Gln

Thr

215

Val

Asn

Ser

Gln

Ser
295

Pro

Ser

Phe

40

Gly

Pro

Ala

Leu

Ile

120

Val

Met

Pro

Gln

Leu

200

Gln

Ser

His

Ser

Thr
280

Leu

Pro

Leu

25

Ser

Ser

Tyr

Ala

Thr

105

Leu

Asn

Phe

Phe

Ala

185

Met

Gly

Pro

Met

Met
265

Ala

Gly

Glu

10

Val

Ala

Trp

Val

Gln

90

Val

Ile

Glu

Gly

Glu

170

Ala

Asn

Thr

His

Ser
250
Leu

Ala

Ser

Ile

Ala

Ala

Ile

Ala

75

Val

Pro

Ala

Ala

Tyr

155

Glu

Ala

Asn

Thr

Arg

235

Met

Lys

Gln

Ser

300

Thr Ala

Ser Val

Thr Leu

Asn Ser

Ala Ala

Ser Ala
45

Gly Ser
60

Trp Met

Arg Val

Pro Pro

Thr Asn
125

Glu Tyr
140

Ala Ala

Ala Pro

Val Glu

Val Pro
205

Pro Ser
220

Ser Pro

Thr Asn

Gly Phe

Asn Gly

285

Gly Leu
300

Met

Thr

Ala
350

Ala

Gln

30

Phe

Ser

Ser

Ala

Val

110

Leu

Gly

Ala

Glu

Glu

190

Gln

Ser

Ile

Ser

Ala
270

Val

Gly

Ala
Trp
335

Glu

Arg

15

Met

Gln

Ala

Val

Ala

95

Ile

Leu

Glu

Thr

Met

175

Ala

Ala

Lys

Ser

Gly
255
Pro

Arg

Gly

Asp
320
Gln

Gly

Met

Trp

Ser

Gly

Thr

80

Ala

Ala

Gly

Met

Ala

160

Thr

Ser

Leu

Leu

Asn

240

Val

Ala

Ala

Gly
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-continued

76

305

Pro

Ala

Gln

Gly

Pro
385

<210>
<211>
<212>
<213>

<400>

Ala

Gln

Leu

Met

Gly

370

His

Ala

Ala

Pro

Leu

355

Leu

Ser

Asn

Trp

Leu

340

Gly

Ser

Pro

PRT

SEQUENCE :

Met Arg Thr Pro

1

Val

Pro

Thr

Asn

65

Thr

Gly

Ala

Ile

145

Asn

Thr

Leu

Gly
225

<210>
<211>
<212>
<213>

<400>

Ser

Ser

Ala

Gly

Thr

Ser

Thr

Tyr

130

Leu

Gly

Asn

Val

Asp

210

Glu

Ile

Gly

35

Gln

Lys

Asn

Asp

Leu

115

Asp

Ala

Gln

Gln

Trp

195

Arg

Lys

Ala

20

Gly

Thr

Ile

Pro

Ile

100

Thr

Pro

Asn

Asn

Ile

180

Ile

Gly

Val

PRT

SEQUENCE :

Leu

Ala

325

Thr

Gly

Gly

Ala

SEQ ID NO 10
LENGTH:
TYPE :
ORGANISM: Mycobacterium tuberculosis

236

10

Arg

Ala

Pro

Lys

Pro

Thr

85

Asp

Pro

Ala

Phe

Thr

165

Ala

Gln

Ser

Gln

SEQ ID NO 11
LENGTH:
TYPE :
ORGANISM: Mycobacterium tuberculosis

540

11

Gly

310

Ala

Ser

Leu

Val

Ala
390

Arg

Thr

Leu

Ala

Gly

70

Ala

Ala

Asn

Gln

Ala

150

Ile

Pro

Glu

Gly

Val
230

Arg

Ala

Leu

Pro

Leu

375

Gly

His

Val

Pro

Leu

55

Leu

Ala

Asp

Gln

Val

135

Asp

Arg

Pro

Thr

Asn
215

Thr

Ala

Asn

Thr

Val

360

Arg

Cys

Val

Asp

40

Lys

Ser

Thr

Phe

Trp

120

Leu

Ala

Ile

Phe

Gly

200

Ser

Lys

Ala

Gln

Ser

345

Gly

Val

Arg

Ala

25

Ala

Ser

Leu

Gly

Val

105

Ser

Asn

Lys

Ser

Asn

185

Asp

Val

Pro

Ser

Ala

330

Ala

Gln

Pro

Arg

10

Gly

Lys

Ala

Lys

Asn

90

Val

Asp

Pro

Ala

Gly

170

Ala

His

Gln

Pro

Val

315

Val

Ala

Met

Pro

Ile

Cys

Pro

His

Thr

75

Val

Phe

Phe

Asp

Glu

155

Lys

Thr

Gln

Met

Val
235

Gly

Thr

Glu

Gly

Arg
380

Ala

Ser

Leu

Met

60

Leu

Lys

Asp

Gly

Thr

140

Gly

Val

Gln

Leu

Thr
220

Ser

Ser

Pro

Arg

Ala

365

Pro

Val

Ser

Val

45

Val

Ser

Leu

Gly

Pro

125

Gly

Arg

Ser

Pro

Ala

205

Leu

Leu

Ala

Gly

350

Arg

Tyr

Leu

Gly

30

Glu

Leu

Gly

Thr

Ile

110

Ala

Leu

Asp

Ala

Val

190

Gln

Ser

Ser

Ala

335

Pro

Ala

Val

Ala

15

Ser

Glu

Thr

Asp

Leu

95

Leu

Ala

Ala

Thr

Gln

175

Pro

Ala

Lys

Val

320

Arg

Gly

Gly

Met

Ala

Lys

Ala

Val

Leu

80

Gly

Tyr

Asp

Asn

Ile

160

Ala

Ala

Gln

Trp
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-continued

78

Met

Arg

Lys

Thr

Tyr

65

Asp

Ala

Leu

Thr

Ala

145

Ala

Glu

Phe

Gln

225

Ala

Leu

Ala

Asp

Leu

305

Thr

Asn

Lys

385

Ala

Leu

Ala

Gly

Gly

Asn

50

Glu

Asp

Leu

Gly

Leu

130

Thr

Glu

Ser

Asp

Glu

210

Ser

Gly

Ser

Val

Met

290

Thr

Val

Asp

Ser

Leu
370
Glu

Lys

Leu

Lys

Leu

Arg

35

Asp

Lys

Val

Val

Leu

115

Leu

Ala

Ala

Asn

Lys

195

Ala

Thr

Lys

Thr

Lys

275

Ala

Leu

Val

Ala

Asp

355

Ala

Leu

Ala

Gln

Thr

Asn

20

Asn

Gly

Ile

Ala

Arg

100

Lys

Lys

Ala

Met

Thr

180

Gly

Val

Val

Pro

Leu

260

Ala

Ile

Glu

Thr

Ile

340

Ser

Gly

Lys

Ala

Ala

Ile

Ala

Val

Val

Gly

Gly

85

Glu

Arg

Gly

Ile

Asp

165

Phe

Tyr

Leu

Lys

Leu

245

Val

Pro

Leu

Asn

Lys

325

Ala

Asp

Gly

Glu

Val
405

Ala

Ala

Leu

Val

Ser

Ala

70

Asp

Gly

Gly

Ala

Ser

150

Lys

Gly

Ile

Glu

Asp

230

Leu

Val

Gly

Thr

Ala

310

Asp

Gly

Tyr

Val

Arg
390

Glu

Pro

Tyr

Ala

Leu

Ile

55

Glu

Gly

Leu

Ile

Lys

135

Ala

Val

Leu

Ser

Asp

215

Leu

Ile

Asn

Phe

Gly

295

Asp

Glu

Arg

Asp

Ala
375
Lys

Glu

Thr

Asp

Asp

Glu

40

Ala

Leu

Thr

Arg

Glu

120

Glu

Gly

Gly

Gln

Gly

200

Pro

Leu

Ile

Lys

Gly

280

Gly

Leu

Thr

Val

Arg

360

Val

His

Gly

Leu

Glu

Ala

25

Lys

Lys

Val

Thr

Asn

105

Lys

Val

Asp

Asn

Leu

185

Tyr

Tyr

Pro

Ala

Ile

265

Asp

Gln

Ser

Thr

Ala

345

Glu

Ile

Arg

Ile

Asp

Glu

10

Val

Lys

Glu

Lys

Thr

90

Val

Ala

Glu

Gln

Glu

170

Glu

Phe

Ile

Leu

Glu

250

Arg

Arg

Val

Leu

Ile

330

Gln

Lys

Lys

Ile

Val
410

Glu

Ala

Lys

Trp

Ile

Glu

75

Ala

Ala

Val

Thr

Ser

155

Gly

Leu

Val

Leu

Leu

235

Asp

Gly

Arg

Ile

Leu

315

Val

Ile

Leu

Ala

Glu
395

Ala

Leu

Arg Arg Gly Leu

Val

Gly

Glu

60

Val

Thr

Ala

Glu

Lys

140

Ile

Val

Thr

Thr

Leu

220

Glu

Val

Thr

Lys

Ser

300

Gly

Glu

Arg

Gln

Gly
380
Asp

Gly

Lys

Thr

Ala

45

Leu

Ala

Val

Gly

Lys

125

Glu

Gly

Ile

Glu

Asp

205

Val

Lys

Glu

Phe

Ala

285

Glu

Lys

Gly

Gln

Glu

365

Ala

Ala

Gly

Leu

Leu

30

Pro

Glu

Lys

Leu

Ala

110

Val

Gln

Asp

Thr

Gly

190

Pro

Ser

Val

Gly

Lys

270

Met

Glu

Ala

Ala

Glu

350

Arg

Ala

Val

Gly

Glu

15

Gly

Thr

Asp

Lys

Ala

95

Asn

Thr

Ile

Leu

Val

175

Met

Glu

Ser

Ile

Glu

255

Ser

Leu

Val

Arg

Gly

335

Ile

Leu

Thr

Arg

Val
415

Gly

Glu

Pro

Ile

Pro

Thr

80

Gln

Pro

Glu

Ala

Ile

160

Glu

Arg

Arg

Lys

Gly

240

Ala

Val

Gln

Gly

Lys

320

Asp

Glu

Ala

Glu

Asn
400

Thr

Asp
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-continued

80

Glu

Lys

Lys

465

Thr

Thr

Ala

Gln

450

Val

Tyr

Arg

Thr

Pro
530

Thr

435

Ile

Arg

Glu

Ser

Glu

515

Gly

420

Gly

Ala

Asn

Asp

Ala

500

Ala

Gly

Ala

Phe

Leu

Leu

485

Leu

Val

Gly

<210> SEQ ID NO 12

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Ala

Thr

Arg

Pro

65

Arg

Glu

Gln

Ala

Arg

145

Lys

Pro

Ala

Ala

Leu

Asn

Val

50

Glu

Lys

Leu

Ser

Val

130

Ala

Lys

Ala

Lys

Glu

Gly

Leu

35

Glu

Gln

Ala

Val

Phe

115

Glu

Val

Ala

Lys

Lys
195

Asn

Ala

Arg

Glu

Leu

Ala

Glu

100

Glu

Leu

Gly

Ala

Lys

180

Val

199

Asn

Asn

Pro

470

Leu

Gln

Val

Asp

Ile

Ser

455

Ala

Ala

Asn

Ala

Met
535

Val

440

Gly

Gly

Ala

Ala

Asp

520

Gly

425

Lys

Leu

His

Gly

Ala

505

Lys

Gly

Val

Glu

Gly

Val

490

Ser

Pro

Met

Ala

Pro

Leu

475

Ala

Ile

Glu

Asp

Mycobacterium tuberculosis

12

Ser

Ala

Glu

Ser

Thr

Glu

85

Arg

Glu

Thr

Glu

Pro

165

Ala

Thr

<210> SEQ ID NO 13

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mycobacterium tuberculosis

PRT

<400> SEQUENCE:

375

13

Asn

Asp

Arg

Arg

Glu

70

Gly

Gly

Val

Gln

Arg

150

Ala

Ala

Gln

Ile

Leu

Ala

Ala

55

Leu

Tyr

Glu

Ser

Glu

135

Ala

Lys

Ala

Lys

Asp

Ala

Glu

40

Arg

Arg

Leu

Ala

Ala

120

Ala

Ala

Lys

Lys

Asp

Leu

25

Glu

Leu

Glu

Glu

Ala

105

Arg

Leu

Lys

Ala

Lys
185

Ile

10

Ala

Thr

Thr

Lys

Ala

Leu

Ala

Gly

Leu

Ala

170

Ala

Lys

Thr

Arg

Lys

Phe

75

Ala

Glu

Glu

Thr

Val

155

Pro

Pro

Leu

Gly

460

Asn

Asp

Ala

Lys

Phe
540

Ala

Val

Thr

Leu

60

Thr

Thr

Arg

Gly

Val

140

Gly

Ala

Ala

Glu

445

Val

Ala

Pro

Gly

Glu
525

Pro

Asn

Asp

45

Gln

Ala

Ser

Leu

Tyr

125

Ala

Ile

Lys

Lys

430

Ala

Val

Gln

Val

Leu

510

Lys

Leu

Glu

30

Thr

Glu

Glu

Arg

Arg

110

Val

Ser

Glu

Lys

Lys
190

Pro

Ala

Thr

Lys

495

Phe

Ala

Leu

15

Leu

Arg

Asp

Glu

Tyr

95

Ser

Asp

Gln

Leu

Ala

175

Ala

Leu

Glu

Gly

480

Val

Leu

Ser

Ala

Ile

Ser

Leu

Leu

80

Asn

Gln

Gln

Thr

Pro

160

Ala

Ala

Val Thr Gln Thr Gly Lys Arg Gln Arg Arg Lys Phe Gly Arg Ile Arg
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-continued

82

Gln

Arg

Ala

Pro

65

Ala

Thr

Thr

Leu

145

Asn

Ile

Pro

Arg

Gly

225

Phe

Ile

Asn
Arg
305

Ser

Met

Leu

<210>
<211>
<212>
<213>

<400>

Phe

Val

Trp

50

Ala

Glu

Tyr

Asp

Thr

130

Arg

Pro

Arg

Asp

Tyr

210

Glu

Lys

Pro

Asn

Arg

290

Lys

Gly

Gln

Ala

Ala
370

Asn

Tyr

35

Leu

Ser

Gly

Arg

Leu

115

Ala

Ala

Cys

Pro

Pro

195

Gly

Val

Val

Pro

Pro

275

His

Ala

Ala

Arg

Ala
355

Glu

Ser

20

Ile

Thr

Gly

Trp

Lys

100

Arg

Val

Ile

Arg

Ala

180

Tyr

Glu

Ala

Thr

His

260

Gly

Leu

Ala

Val

Leu

340

Lys

Asn

PRT

SEQUENCE :

Gly

Ala

Asp

Gln

Leu

85

Leu

Asp

Gly

Met

Ile

165

Thr

Gln

Leu

Arg

Thr

245

Leu

Arg

Ala

Gly

Leu

325

Gly

Gly

Gln

SEQ ID NO 14
LENGTH:
TYPE :
ORGANISM: Mycobacterium tuberculosis

75

14

Arg

Pro

Arg

Glu

70

Lys

Leu

Ile

Thr

Gln

150

Ser

Leu

Ala

Thr

Val

230

Pro

Ile

Glu

Pro

Arg

310

Ala

His

Arg

Glu

Trp

Lys

Arg

55

Asp

Gln

Asp

Thr

Pro

135

Thr

Gly

Asp

Phe

Glu

215

Arg

Lys

Pro

Ser

Ser

295

Pro

Ala

Ser

Asp

Met
375

Gln

Thr

40

Arg

Arg

Arg

Asn

Pro

120

Thr

Ala

Ala

Glu

Val

200

Leu

Arg

Ser

Ala

Leu

280

Ala

Asp

Ser

Thr

Arg
360

Ala

25

Phe

Glu

Pro

Gly

His

105

Ala

Met

Leu

Ser

Leu

185

Leu

Arg

Ala

Asp

Ile

265

Leu

Leu

Leu

Thr

Ala

345

Glu

10

Ser

Asn

Ile

Gly

Ile

90

Ile

Ala

Arg

Ala

Thr

170

Glu

Met

Arg

Val

Ala

250

Glu

Phe

Tyr

Arg

Gly

330

Gly

Ile

Tyr

Ala

Asp

Ala

75

Lys

Leu

Val

Ala

Asp

155

Ala

Thr

Ala

Lys

Val

235

Gly

Asp

Pro

Arg

Val

315

Ala

Ala

Ala

Thr

Lys

Arg

60

Pro

Asp

Ala

Arg

His

140

Asp

Arg

Ile

Ala

Asp

220

Arg

Val

His

Ser

Met

300

His

Thr

Ala

Ala

Gly

Ile

45

Gln

Phe

Arg

Thr

Arg

125

Ser

Leu

Arg

Thr

Trp

205

Ile

Val

Arg

Leu

Val

285

Phe

Asp

Leu

Leu

Leu
365

Pro

30

Asp

Leu

Gly

Thr

Phe

110

Trp

Tyr

Ile

Val

Lys

190

Leu

Asp

Gly

Asp

His

270

Asn

Tyr

Leu

Ala

Arg

350

Leu

15

Asp

Ala

Trp

Glu

Arg

95

Ala

Tyr

Ser

Asp

His

175

Ala

Ala

Leu

Glu

Ile

255

Lys

Asp

Lys

Arg

Glu

335

Tyr

Ser

Gly

Glu

Ser

Tyr

80

Ala

Asp

Ala

Leu

Ser

160

Lys

Met

Met

His

Gly

240

Ser

His

Pro

Ala

His

320

Leu

Gln

Lys
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-continued

84

Gln

Gly

Phe

Trp

Ile

Arg

Thr

Ser

50

Cys

Ala

Ala

Glu

35

Ser

Ala

Gly

Ala

20

Gln

Arg

Ile

Val

5

Gly

Arg

Ser

Leu

<210> SEQ ID NO 15

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Glu

Pro

Gly

Asp

Arg

Ser

Ile

Ser

Ala

Phe

Thr

Arg

50

Val

Thr

Phe

Lys

Glu
130

Thr

Ser

Phe

35

Tyr

Asp

Glu

Val

Ala

115

Gly

Thr

Glu

20

Asp

Glu

Ile

Gln

Arg

100

Thr

Lys

144

Asp

Ala

Asn

Pro

Gly

Gln

Ser

Leu

Asp

55

Leu

Ala

Gly

Ser

40

Phe

Asn

Leu

Gly

25

Val

Val

Gln

Ala

Val

Val

Asp

Phe

Ala

Thr

Ala

Glu

His

Mycobacterium tuberculosis

15

Leu

Leu

Thr

Val

Met

Lys

85

Thr

Tyr

Pro

<210> SEQ ID NO 16

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Lys

Ala

Arg

Leu
65

Gly

Ala

Ser

Ile

Ala

Cys

50

Gly

Glu

Val

Gly

Ala

Gln

35

Glu

Gly

Phe

Gly

Arg

Phe

20

Ala

Ser

Leu

Ala

Glu
100

407

Pro

Phe

Arg

Arg

Val

70

Asp

Val

Asp

Thr

Val

Ala

Leu

Ala

55

Arg

Phe

Ser

Lys

Glu
135

Gln

Ala

Met

40

Glu

Asp

Asp

Leu

Gly

120

Lys

Arg

Phe

25

Arg

Leu

Gly

Gly

Pro

105

Ile

His

His

Pro

Leu

Pro

Gln

Arg

90

Val

Leu

Ile

Pro

Ser

Glu

Gly

Leu

75

Ser

Gly

Thr

Gln

Mycobacterium tuberculosis

16
His
5
Thr

Thr

Gly

Gln

Pro

85

Arg

Arg

Gly

Ala

Gly

Phe

70

Ser

Val

Lys

Ala

Ala

Asn

55

Thr

Ala

Leu

Pro

Val

Thr

40

Trp

Gln

Gln

Ala

Thr

Leu

25

Asp

Ser

Ser

Leu

Thr
105

Thr

10

Gly

Gly

Ile

Thr

Ala
90

Gln

Ser

Gly

Glu

Asn

Trp

75

Ser

Gly

Thr

Val

Pro

Thr
60

Arg

Phe

Asp

Val

60

Thr

Glu

Ala

Val

Ile
140

Asn

Gly

Trp

Thr

60

Ala

Arg

Arg

Gly Gln
Gly Val
30

Ser Gln
45

Ala Gly

Ser Leu

Ala Gly
30

Glu Met
45

Asp Pro

Ile Lys

Phe Ala

Asp Glu
110

Ser Val
125

Arg Ser

Val Ser

Gly Ile
30

Asp Gln

45

Gly Asn

Ala His

Glu Gln

Gly Ala
110

Ala
15
Gly

Phe

Gln

Phe

15

Leu

Lys

Asp

Ala

Tyr

95

Asp

Ala

Thr

Val

Ala

Val

Gly

Gly

Gln

95

Trp

Ser

Val

Thr

Ser

Pro

Arg

Glu

Lys

Glu

80

Gly

Asp

Val

Asn

Ala

Met

Ala

Tyr

Gly

80

Ile

Pro
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-continued

86

Ala

Glu

145

Glu

Ala

Pro

Ala

Pro

225

Pro

Glu

Ala

Ala

Ala

305

Gly

Gln

Glu

Ala

385

Ala

<210>
<211>
<212>
<213>

<400>

Met
1

Gly

Gly

Ala
65

Cys

Ser

130

Pro

Leu

Ala

Ala

Pro

210

Ala

Ala

Leu

Ala

Asp

290

Glu

Asn

Pro

Pro

Thr

370

Ile

Gln

Leu

Gly

Thr

Glu

50

Ala

Gly

115

Ala

Ala

Ala

Pro

Asp

195

Leu

Asp

Asp

Ala

Pro

275

Leu

Leu

Glu

Val

Ala

355

Pro

Arg

Pro

Arg

Tyr

Ala

35

Glu

Gly

Arg

Ala

Pro

Ala

Ala

180

Val

Gly

Leu

Leu

Val

260

Ala

Ala

Ala

Gln

Gly

340

Asp

Gln

Ala

Tyr

PRT

SEQUENCE :

Leu

Ala

20

Met

Asn

Val

Gly

Met

Leu

Asn

165

Asp

Ala

Glu

Ala

Ala

245

Asn

Glu

Pro

Pro

Thr

325

Leu

Ala

Val

Gln

Val
405

SEQ ID NO 17
LENGTH:
TYPE :
ORGANISM:

362

Leu

Asp

Ala

150

Asp

Pro

Pro

Pro

Pro

230

Pro

Asp

Leu

Pro

Pro

310

Ala

Ala

Pro

Ser

Asp

390

Ile

Ser

Ala

135

Pro

Leu

Ala

Pro

Leu

215

Pro

Pro

Leu

Ala

Ala

295

Ala

Pro

Thr

Pro

Asn

375

Val

Gly

Asn

120

Pro

Pro

Pro

Pro

Val

200

Pro

Ala

Ala

Pro

Pro

280

Pro

Pro

Gly

Asp

Pro

360

Ile

Cys

Ala

Leu

Pro

Ala

Pro

185

Glu

Ala

Pro

Pro

Ala

265

Pro

Ala

Ala

Asp

Leu

345

Gly

Ala

Gly

Thr

Asp

Ala

Pro

170

Ala

Leu

Ala

Ala

Ala

250

Pro

Ala

Asp

Asp

Gln

330

Glu

Asp

Tyr

Asn

Pro

Ala

Asp

155

Leu

Asp

Ala

Pro

Asp

235

Asp

Leu

Asp

Leu

Leu

315

Pro

Leu

Val

Thr

Asp
395

Mycobacterium tuberculosis

17

Val

Val

Arg

Gly

Gln

Val

Ala

Val

Phe

Val
70

Gly

Ala

Thr

Ser

55

His

Ala

Cys

Thr

40

Val

Asp

Leu

Lys

25

Met

Asp

Ala

Leu

10

Thr

Lys

Asp

Asp

Leu

Val

Ser

Arg

Thr
75

Arg

Ala

140

Pro

Gly

Leu

Val

Ala

220

Leu

Leu

Gly

Leu

Ala

300

Ala

Ala

Pro

Thr

Lys

380

Ala

Val

Thr

Arg

Asp

60

Ile

Glu

125

Ala

Ala

Glu

Ala

Asn

205

Asp

Ala

Ala

Glu

Ala

285

Pro

Pro

Thr

Glu

Glu

365

Lys

Leu

Leu

Leu

Val

45

Asp

Val

Val

Val

Pro

Pro

Pro

190

Asp

Pro

Pro

Pro

Pro

270

Pro

Pro

Pro

Ala

Pro

350

Ala

Leu

Asp

Ala

Thr

30

Ile

Leu

Leu

Leu

Asn

Pro

Leu

175

Pro

Leu

Ala

Pro

Pro

255

Leu

Ala

Ala

Ala

Pro

335

Asp

Pro

Trp

Ser

Phe

15

Val

Asp

Tyr

Arg

Pro

Gly

Val

160

Pro

Ala

Pro

Pro

Ala

240

Val

Pro

Ser

Pro

Ala

320

Gly

Pro

Ala

Gln

Leu
400

Ala

Asp

Ile

Pro

Arg
80
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-continued

88

Ser

Trp

Thr

Ser

Asp

145

Gly

Thr

Asn

225

Ala

Gly

Ala

Tyr

305

Gly

Ile

Pro

Arg

Thr

Asp

Gly

130

Gly

Leu

Pro

Arg

Ala

210

Glu

Glu

Val

Thr

Gly

290

Tyr

Leu

Ala

Val

Pro

Thr

Thr

115

Met

Gly

Leu

Ala

Asn

195

Arg

Asp

Val

Thr

Glu

275

Cys

Gly

Arg

Val

Cys
355

Leu

Ala

100

Ala

Ala

Leu

Ser

Ala

180

Arg

Arg

Pro

Asn

Pro

260

Val

Glu

Gly

Tyr

Ala

340

Ala

Gln

85

Ser

Pro

Leu

Val

Ala

165

Thr

Ile

Val

Gly

Gly

245

Ala

Pro

Ala

Val

Ala

325

Glu

Ala

<210> SEQ ID NO 18

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Val
1

Pro

Asp

Met

Ala

65

Ser

His

Ile

Met

Ala

50

His

Gly

Pro

Ser

Ser

35

Ala

Ala

Gly

Leu

Pro

20

Ser

Gly

Gly

Asn

176

Ile

Thr

Ala

Pro

Arg

150

Ala

Ala

Lys

Glu

Val

230

Val

His

Pro

Gly

Gln

310

Pro

Val

Arg

Ser

Val

Ala

Val

135

Thr

Gly

Pro

Lys

Asp

215

Pro

Glu

Glu

Val

Gly

295

Phe

Arg

Thr

Ala

Leu

Asp

Ala

120

Val

Val

Val

Ile

Val

200

Pro

Gly

Thr

Ala

Ile

280

Asn

Asp

Ala

Arg

Gly
360

Asp

Glu

105

Ser

Ser

His

Pro

Val

185

Thr

Glu

Thr

Gly

Val

265

Asp

Trp

Gln

Asp

Leu

345

Ala

Gly

Ala

Arg

Ala

Leu

Leu

170

Glu

Glu

Met

Gln

Arg

250

Val

Gly

Ala

Gly

Leu

330

Arg

Arg

His

Leu

Ala

Lys

Pro

155

Leu

Gly

Arg

Asn

Asp

235

Leu

Arg

Ser

Ile

Thr

315

Ala

Gln

Mycobacterium tuberculosis

18

Pro

Leu

Met

Leu

Pro

Trp

Ala

Ser

Thr

Val

Ser

70

Ala

Asp

Leu

Arg

Thr

55

Pro

Ala

His

Ile

Ile

40

Ala

Asn

Asn

Gly

Gly

25

Ala

Ser

Trp

Thr

Arg

10

Asn

Lys

Met

Asp

Gly

Ser

Ala

Pro

Ser

Ala

75

Asn

Asp

Ala

Ser

Thr

140

Ala

Gln

Met

Leu

Met

220

Pro

Val

Ile

Asn

300

Trp

Thr

Gly

Arg

Ser

Leu

Leu

60

Val

Gly

Ala

Gln

Arg

125

Val

Pro

Ser

Gln

Pro

205

Ser

Thr

Val

Gly

Trp

285

Thr

Glu

Arg

Trp

Cys

Ala

Ile

45

Ser

Ala

Lys

Lys

Leu

110

Val

Gln

Asn

Asp

Ile

190

Leu

Arg

Phe

Ala

Thr

270

Asp

Gly

Ala

Glu

Gly
350

Asn

Thr

30

Lys

Thr

Gln

Tyr

Gln

95

Ala

Pro

Leu

Val

His

175

Gln

Pro

Glu

Ala

Asn

255

Lys

Ala

Asn

Asn

Glu

335

Ala

Arg

15

Ser

Ser

Ala

Cys

Gly

Val

Met

Leu

Asn

Ala

160

Val

Val

Pro

Val

Val

240

Val

Pro

Ile

Gly

Gly

320

Gln

Trp

His

Gly

Ala

Val

Glu

80

Gly
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-continued

90

Leu

Pro

Leu

Gly

145

Ile

Gln

Ala

Ala

130

Leu

Ile

Phe

Ala

115

Glu

Pro

Asn

Lys

100

Ala

Gln

Ile

Glu

85

Pro

Ser

Gly

Ala

Ile
165

<210> SEQ ID NO 19

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Arg

Ala

Ala

Asn

65

Ser

Ala

Gln

Ala

Thr
145

<210>
<211>
<212>
<213>

<400>

Leu

Asn

Pro

65

Asp

Thr

Cys

Thr

Asp

Trp

Gln

Ser

Gly

Pro

130

Gly

Lys

Val

Asp

Leu

50

Glu

Phe

Pro

Ala

Met

35

Asp

Ala

Ala

Pro

Pro

115

Leu

Gly

Asn

Thr

Pro

35

Pro

Asp

Leu

Gly

Arg

20

Phe

Ile

Ala

Thr

Gln

100

Gly

Gly

Cys

PRT

SEQUENCE :

Ala

Thr

20

Asn

Pro

Ala

Ser

154

Ala

Arg

Leu

Leu

150

Ile

Thr

Glu

Asp

135

Trp

Trp

Trp

Gln

120

Ala

Ser

Ala

Ala

105

Gln

Trp

Lys

Gly

90

Ala

Ile

Pro

Pro

Ile
170

Phe

Ala

Thr

Ala

155

Gln

Mycobacterium tuberculosis

19

Leu

Ile

Val

Asp

Asn

Trp

85

Gln

Ala

Ser

Ser

SEQ ID NO 20
LENGTH:
TYPE :
ORGANISM: Mycobacterium tuberculosis

172

20

Arg

Ser

Ala

Ala

Gly

Pro

Leu

Val

Ala

Trp

Thr

70

Asp

Gln

Trp

Leu

Gly
150

Thr

Pro

Ala

Pro

Phe

70

Pro

Thr

Cys

Leu

Asp

Gly

Ser

Ile

Pro

Thr

135

Ser

Thr

Ala

Ala

Asp

55

Asp

Ala

Thr

Thr

Leu

40

Ala

Asn

Asn

Glu

Lys

120

His

Arg

Leu

Gly

Gly

40

Ala

Pro

Glu

Ala

Val

25

Gly

Ile

Gly

Gly

Val

105

Cys

Ile

Asp

Ile

Ile

25

Pro

Ala

Asn

Glu

Gly

10

Phe

Leu

Ala

Leu

Gly

90

Ala

Ser

Leu

Asp

Ala

10

Ala

Asp

Pro

Leu

Ala

Ala

Ile

Ser

Gln

Tyr

75

Val

Asp

Ser

Thr

Ala

Asn

Ala

Val

Pro

75

Pro

Gly

Val

Cys

140

Gln

Ala

Gly

Glu

Thr

Cys

60

Gly

Gly

Asn

Cys

Phe
140

Ala

Ala

Val

Asp

60

Pro

Pro

Gly

Ala

125

Gly

Gly

Ser

Arg

Thr

Ile

45

Glu

Gly

Ser

Ile

Ser

125

Leu

Ile

Asp

Gly

45

Thr

Pro

Val

Val

110

Asn

Ala

Ile

Ile

Pro

Ala

30

Ser

Ser

Leu

Pro

Met

110

Gln

Ala

Ala

Asp

30

Phe

Pro

Leu

Pro

95

Gly

Arg

Ala

Lys

Pro
175

Arg

15

Val

Ser

Gly

Gln

Ala

95

Lys

Gly

Ala

Gly

15

Ala

Asp

Pro

Ala

Val

Asn

Val

Ser

Gln

160

Arg

Asp

Val

Lys

Gly

Ile

80

Ala

Thr

Asp

Glu

Thr

Gly

Pro

Ala

Pro

80

Ala
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-continued

92

Tyr

Ala

Ser
145

Gly

Ser

Ser

Gly

130

Arg

Ile

Val

Ile

115

Thr

Glu

Arg

Asn

100

Asn

Trp

Glu

Ala

85

Trp

Thr

Arg

Gln

Trp
165

<210> SEQ ID NO 21

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mycobacterium tuberculosis

PRT

<400> SEQUENCE:

Met

1

Arg

Pro

Ala

Thr

65

Thr

Asp

Asn
Asp
145

Ile

Ala

Gln

<210>
<211>
<212>
<213>

<400>

Ile

Leu

Leu

Val

Ala

Arg

Ser

Pro

Ala

130

Ser

Ala

Val

Arg

Arg
210

Ala

Arg

Val

35

Thr

Val

His

Asn

Ala

115

Lys

Ala

Asp

Ala

Asn
195

Thr

Leu

20

Arg

Val

Gln

Pro

Thr

100

Arg

Pro

Gly

Ala

Gly

180

Ala

PRT

SEQUENCE :

210

21

Thr

Pro

Gly

Ser

Asp

Ala

85

Thr

Trp

Gly

Gln

Ala

165

Ala

Ser

SEQ ID NO 22
LENGTH:
TYPE :
ORGANISM: Mycobacterium tuberculosis

339

22

Asp

Gly

Ala

Ile

150

Pro

Arg

Cys

Thr

Leu

Ser

70

Thr

Ala

Val

Thr

Leu

150

Leu

Leu

Trp

Ala

Asn

Asn

135

Arg

Val

Asp

Arg

Asp

Leu

55

Arg

Ala

Thr

Val

Lys

135

Val

Ala

Leu

Gln

Ile

Gly

120

Gly

Val

Cys

Arg

Thr

Arg

40

Thr

Ser

Thr

Ser

Asn

120

Ser

Asp

Ala

Ala

His
200

Ala

105

Tyr

Gly

Ala

Gly

Glu

Ile

25

Leu

Ile

His

Val

Ala

105

Gly

Gly

Glu

Leu

Leu

185

Asp

90

Gln

Tyr

Ser

Glu

Arg
170

Gly

10

Leu

Glu

Pro

Val

Ile

90

Pro

Ile

Asp

Pro

Gly

170

Thr

Ile

Cys

Gly

Gly

Asn

155

Arg

Ala

Arg

Ala

Phe

Tyr

75

Asp

Pro

Glu

Arg

Ala

155

Leu

Arg

Asp

Glu

Gly

Ser

140

Val

Gly

Thr

Val

Val

Ala

60

Ala

His

Arg

Arg

Val

140

Pro

Trp

Ala

Ser

Ser
Leu
125

Ala

Leu

Met

Phe

Val

45

Ala

His

Glu

Thr

Ser

125

Gly

Pro

Leu

Ile

Leu
205

Gly
110
Arg

Ala

Arg

Ile

Ser

30

Met

Ala

Gln

Gly

Lys

110

Gly

Ile

Ala

Ser

Leu

190

Phe

95

Gly

Phe

Asn

Ser

Thr

15

Arg

Leu

Ala

Ala

Val

95

Ile

Glu

Trp

Arg

Val

175

Ile

Cys

Asn

Thr

Ala

Gln
160

Phe

Asn

Leu

Gly

Gln

80

Ile

Thr

Val

Val

Ala

160

Ala

Arg

Thr

Met Thr Glu Pro Ala Ala Trp Asp Glu Gly Lys Pro Arg Ile Ile Thr

1

5

10

15

Leu Thr Met Asn Pro Ala Leu Asp Ile Thr Thr Ser Val Asp Val Val
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-continued

94

Arg

Gly

Ser

65

Ala

Ala

Gln

Glu

145

Gln

Asp

Leu

Leu

Gly

225

Leu

Ala

Asn
Asn
305

Glu

Ala

Pro

Gly

50

Thr

Leu

Ser

Tyr

Gln

130

Val

Arg

Thr

Lys

Thr

210

Arg

Ala

Val

Gly

Ala

290

Arg

Val

Ser

Thr

35

Gly

Ala

Leu

Thr

Arg

115

Cys

Ala

Val

Ser

Ala

195

Glu

Ala

Thr

Ser

Leu

275

Ala

Asp

Gly

Pro

20

Glu

Ile

Leu

Gly

Arg

100

Phe

Leu

Ser

Ala

Gly

180

Ser

Pro

Glu

Arg

Gly

260

Ser

Gly

Asp

Gln

Lys

Asn

Phe

Asp

Glu

Val

Asp

Gly

Asp

165

Gly

Val

Glu

Val

His

245

Val

Arg

Ala

Val

Asp
325

<210> SEQ ID NO 23

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mycobacterium tuberculosis

PRT

<400> SEQUENCE:

Met

1

Leu

Ile

Leu

Pro

Ala

Ala

Tyr

331

23

Met

Val

Pro

70

Ala

Ser

Leu

Glu

Ser

150

Ile

Gly

Arg

Gln

Val

230

Ala

Gly

Gly

Ala

Glu

310

Gln

Asp Thr Met Val

5

Arg

Ala

55

Ala

Gly

Phe

Pro

Leu

135

Leu

Cys

Leu

Glu

Leu

215

Val

Ser

Ala

Trp

Met

295

Arg

Tyr

Thr

Cys Arg Ala Pro Ser

20

Glu Asp His Thr Val

35

Ala Thr Asp His

Ser

Cys

40

Arg

Gly

Val

Thr

Gly

120

Arg

Pro

Arg

Gln

Leu

200

Ala

Val

His

Gly

Ser

280

Leu

Phe

Val

Thr

Leu

Ala

40

Gly

25

Gly

Ile

Gly

Pro

Val

105

Pro

Gly

Pro

Arg

His

185

Arg

Ala

Ser

Arg

Asp

265

Leu

Leu

Phe

Trp

Ala

Val

Ser

Phe

90

Asn

Ser

Ala

Gly

Ser

170

Ile

Glu

Ala

Leu

Phe

250

Ala

Ile

Thr

Glu

His
330

Pro

His

Thr

75

Arg

Glu

Leu

Ala

Val

155

Ser

Ser

Cys

His

Gly

235

Ser

Met

Lys

Pro

Leu

315

Pro

Asp Val Ile

10

His Asn Ser

25

Leu Phe Leu

Arg Glu Ala

Arg

Val

60

Gly

Val

Ser

Thr

Ala

140

Ala

Thr

Ser

Val

Glu

220

Ser

Ser

Val

Ser

Gly

300

Ala

Ile

Lys

Gln

Asp

Leu

Tyr

45

Leu

Ser

Ile

Arg

Val

125

Ser

Ala

Pro

Gly

Gly

205

Leu

Gln

Ile

Ala

Val

285

Thr

Ala

Val

Ser

Pro

Lys

45

Leu

30

Asp

Gly

Leu

Pro

Thr

110

Ala

Ala

Asp

Leu

Val

190

Ser

Ile

Gly

Pro

Ala

270

Arg

Ala

Glu

Asn

Ala
Trp
30

Asp

Gly

Pro

Gly

Leu

Ile

Ala

Glu

Ala

Tyr

Ile

175

Phe

Glu

Asp

Ala

Met

255

Ile

Leu

Ala

Pro

Pro
335

Val
15
Arg

Arg

Cys

Gly

Cys

Met

80

Ala

Lys

Gln

Phe

Tyr

160

Leu

Leu

Leu

Arg

Leu

240

Thr

Thr

Gly

Cys

Thr

320

Glu

Gln

Trp

Val

Gly
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-continued

96

Ala

65

Ala

Ser

Arg

Glu

Thr

145

Glu

Ser

Ser

Arg

Arg

225

Tyr

Ala

Thr

Ile

Pro

305

Glu

50

Val

Asn

Ile

Ala

Pro

130

Ala

Leu

Ser

Glu

Val

210

Pro

Asp

Val

His

Gly

290

Glu

Val

Leu

Val

Asp

Asp

115

Pro

Asp

Ala

Tyr

Gly

195

Thr

Glu

Asn

Leu

Ile

275

Gln

Met

Phe

Asp

Glu

Phe

100

Ala

Asp

Thr

Ala

His

180

Ile

Phe

Phe

Glu

Leu

260

Thr

Pro

Glu

His

His

Arg

85

Ser

Ile

Trp

Val

Ala

165

Ala

Pro

Gly

Gly

Arg

245

Asp

Glu

Ala

Glu

Val
325

<210> SEQ ID NO 24

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mycobacterium tuberculosis

PRT

<400> SEQUENCE:

Met
1

Glu

Ile

Leu

Pro
65

Thr

His

Gly

Thr

50

Asn

Asp

Thr

Glu

Ala

35

Asp

Thr

Ala

Ala

Thr

20

Leu

Arg

Ala

Asn

143

24

Arg

Leu

Pro

Asp

Thr

Ala
85

Phe

70

Phe

Pro

Leu

Asp

Arg

150

Ser

Glu

His

Arg

His

230

Ala

Ala

Leu

Thr

Pro

310

Arg

Asp

Thr

Ile

Ile

Ala

70

Ser

55

Arg

Pro

Ala

Leu

Leu

135

Ile

Lys

Leu

Ser

Asp

215

Asp

Ser

Thr

His

Pro

295

Pro

Ala

Ile

Ala

Cys

Val

55

Gly

Ile

Val

Asn

Asp

Arg

120

Val

Asp

Leu

Phe

Ser

200

Phe

Arg

Leu

Met

Ala

280

Gln

Pro

Lys

Met

Ala

Gly

40

Ile

Glu

Gln

Ala

Pro

Phe

105

Arg

Glu

Val

Thr

Trp

185

Leu

Pro

Ser

Leu

Ala

265

Ser

Ala

Ala

Asp

Asn

Ala

25

Asp

Lys

Leu

Glu

Met

Asn

90

Val

Thr

Ser

Ile

Glu

170

Trp

Val

Val

Lys

Arg

250

Gly

Arg

Leu

Thr

His
330

Ala
10

Gln

Asp

Gly

Ala

Met
90

Ala

75

Asp

Thr

Asp

Gln

Ala

155

Ser

Thr

Ser

Val

Val

235

Cys

Leu

Asp

Val

Pro

315

Arg

Gly

Tyr

Asp

Leu

Arg

75

Leu

60

Ala

Pro

Glu

Arg

Leu

140

Asp

Leu

Gly

Ala

Ala

220

Leu

Gly

Ala

Leu

Arg

300

Arg

Val

Met

Arg

Ala

60

Asp

Asn

Ala

Leu

Gly

Leu

125

Arg

Asp

Arg

Ala

Ala

205

Asn

Val

Glu

Thr

Val

285

Val

Arg

Thr

Arg

Leu

45

Ala

Ser

Val

Gly

His

His

110

Pro

Thr

Met

Leu

Phe

190

Glu

Thr

Leu

Met

Cys

270

Ala

Gly

Pro

Cys

Glu

30

His

Gly

Ile

Met

Thr

Leu

95

Arg

Phe

Thr

Arg

Tyr

175

Glu

Ser

Asp

Ser

Leu

255

Thr

Ala

Leu

Ile

Val

15

His

Gly

Leu

Tyr

Glu
95

Thr

80

Ala

Leu

Ala

Val

Pro

160

Asp

Thr

Asp

Arg

Thr

240

Ser

Leu

Leu

Ala

Asp
320

Gly

Asp

Met

Asp

Tyr

80

Glu
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-continued

98

His

Ile

Val

Gln

Val

Gln
130

Val

Thr
115

Phe

Arg Arg Val

100

Glu Ala Asp

Val Lys Ala

<210> SEQ ID NO 25

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mycobacterium tuberculosis

PRT

<400> SEQUENCE:

Met

1

Leu

Gly

Asp

Phe

65

Ser

Leu

Phe

Asp

Pro

145

Asn

Trp

Leu

Ile

Pro

225

Gly

Arg

Gly

Cys

Arg

305

Met

Ala

Ser

Leu

Lys

50

Arg

Asn

Glu

Ala

Arg

130

His

Asn

Leu

Ala

Val

210

Lys

Thr

Ser

Gly

Ala
290

His

Ala

Ser

Pro

Tyr

35

Leu

Asp

His

Phe

Gln

115

Arg

Pro

Arg

Val

Val

195

Met

Gly

Ala

Gln

Tyr
275
Ile

Cys

Glu

Ser

Pro

20

Val

Pro

Glu

Arg

Tyr

100

Pro

Arg

Gly

Glu

Cys

180

Phe

Pro

Ala

Gln

Glu

260

Ile

Leu

Gly

Pro

413

25

Ala

Val

Ala

Ile

Ile

Val

85

Gly

Pro

Ser

Glu

Tyr

165

Val

Arg

Val

Val

Ala

245

Glu

Ala

Gly

Leu

Ile
325

Ser

Leu

Gln

Ala

Val

70

Phe

Asn

Pro

Phe

Pro

150

Ala

His

Ala

Leu

Phe

230

Val

Glu

Ser

Val

Arg
310

Gly

Pro

Ile

Ile
135

Asp

Ser

Ser

Arg

55

Leu

Glu

Arg

Leu

Tyr

135

Gly

Leu

Gly

Trp

Pro

215

Pro

Trp

Ser

Leu

Pro
295

His

Arg

Val
Ala
120

Cys

Gly

Gly

Trp

Pro

Leu

Arg

Arg

Thr

120

Arg

Ser

Leu

Thr

Lys

200

Met

Gly

Asp

Leu

Val
280
Val

Lys

Met

Ile
105
Arg

Ser

Thr

Ala

25

Arg

Thr

Gly

Ile

Trp

105

Glu

Ile

Gln

Leu

Glu

185

Leu

His

Glu

Ile

Ile

265

Ala

Ala

Asp

Ile

Ser

His

Pro

His

10

Met

Asp

Ile

Leu

Ser

90

Leu

Val

Phe

Arg

Arg

170

Met

His

Gly

Asp

Arg

250

Gly

Ser

Asp

Pro

Ser
330

Glu

Leu

Met

Glu

Gly

Tyr

Ala

Lys

75

Gln

Glu

Ala

Phe

Trp

155

His

Gly

Asp

Pro

Val

235

Arg

Leu

Leu

Leu

Arg
315

Pro

His

Pro

Ala
140

Arg

Pro

Leu

Leu

60

Ala

Glu

Lys

Val

Asp

140

Leu

Pro

Arg

Glu

Arg

220

Leu

Leu

Asn

Glu

Ile
300

Arg

Leu

Arg
Glu
125

Leu

Ser

Phe

Gly

Ala

Arg

Val

Pro

Arg

125

Ser

Ser

Glu

Ala

Leu

205

Gly

Asp

Leu

Gly

Glu
285
Glu

His

Ser

Leu
110

His

Ala

Ala

Met

30

Gln

Ala

Arg

Ala

Ser

110

Lys

Gly

Tyr

Pro

Pro

190

Gly

Gln

Asp

Ser

Leu

270

Gly

Leu

Thr

Leu

Val

Ala

Ser

Phe

15

His

Gln

Gln

Pro

Ala

95

Gly

Val

Phe

Thr

Arg

175

Leu

Leu

Gly

Val

Trp

255

Ser

Leu

Leu

Val

Thr
335

Gly

Ile

Arg

Thr

Pro

Ala

Val

80

Gly

Phe

Lys

Thr

Ala

160

Pro

Asp

Asn

Leu

His

240

Ile

Leu

Ala

Gly

Lys

320

Pro
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-continued

100

Leu Val Pro
Leu Val His
355

Lys Pro Glu
370

Ser Arg Pro
385

Leu Leu Asp

<210> SEQ I
<211> LENGT.
<212> TYPE:

Met Pro Gly Arg Phe

340

Pro Arg Glu Gln Val

360

Ile Val Trp Tyr Pro

375

Val Arg Arg Phe Val
390

Ala Pro Arg Thr Gln

405
D NO 26
H: 120

PRT

Ile

345

Thr

Gly

Gln

Arg

Tyr

Arg

Gly

Ala

Asp
410

Ala

Leu

His

Ala

395

Arg

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 26

Met Ser Thr
1

Tyr Ala Trp
Gln Glu Ala
35

Ser Ala Thr
50

Ala Arg Val
65

Ser Glu Leu

Val Arg Ile

Ser Val Glu
115

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gln Arg Pro Arg His

Ala Gly Arg Cys Gly

20

Met Met Asn Leu Ala

40

Ile Tyr Gln Val Thr

55

Pro Gly Asp Glu Ile

Gly Thr Gln Ser Pro

85

Gly Asp Trp Pro Ala

100

Ile Ala Val Ala Val

D NO 27
H: 1017
DNA

120

Ser

Arg

25

Ile

Asp

Thr

Leu

Ala
105

Gly

Ile

Trp

Arg

Ser

Ala

90

Tyr

Ile

Gly

His

Ser

Thr

75

Asp

Ala

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 27

atgcagcettg

ggggccgteg

gegggggeat

atgggccgtg

ctgetegacy

ttcgagtggt

ttctacteceg

gagaccttee

accggaageg

tatcaccccce

gcgatgggtc

gacatgtggg

ttgacagggt

gegeggeect

tttececeggee

acatcaaggt

gectgegege

acgaccagtc

actggtacca

tgaccagcga

cegtegtegy

agcagttegt

ccaccetgat

geccgaagga

tegtggegec

agtgtcgggt

gggcttgccg

ccaattccaa

gcaggacgac

gggCCtgth

gecegectge

getgeegggy

tctttegaty

ctacgeggga

ngCCtggCg

ggacccggcg

gtcacgggta

ctggtcggcg

gtggagtacc

agtggtggtg

ttcagegget

gtggtcatge

ggcaaggccg

tggctgcagg

getgettett

gcgatgtegg

atgggtgacg

tggcagcgca

Gly Ile Ala
350

Trp Glu His
365

Thr Gly Phe
380

Leu Glu Gln

Ser Ala

Arg Ala Val
Arg Trp Gly
30

Pro Arg Lys
45

His Asp Gly
60

Val Ser Gly

Glu Leu Ala

Ile Gly Glu
110

tgtcgegteg
cegteggtgg
tgcaggtgee
ccaactegee
gggacatcaa
cggtgggtgg
gttgccagac
ccaacaggca
cggegetgac
gectgttgga
ctggeggeta

acgacccget

Asp Arg

Trp Gly

Phe Gln

Ser Gly
400

Gly Pro

Val His

Val Gln

Arg Thr

Trp Leu
80

Arg Ala
95

His Leu

actcgtggte
cacggcgace
gtcegeegteg
cgcectgtac
caccceggeyg
ccagtcaage
ttacaagtgyg
cgtcaagece
getggegate
ccecteccag
caaggectee

gttgaacgte

60

120

180

240

300

360

420

480

540

600

660

720
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gggaagctga tcgccaacaa cacccgegte tgggtgtact geggcaacgg caagecgteg 780
gatctgggtyg gcaacaacct gccggecaag ttectegagg gettegtgeg gaccagcaac 840
atcaagttce aagacgccta caacgccggt ggcggccaca acggegtgtt cgactteccg 900
gacagcggta cgcacagctg ggagtactgg ggcgcgcage tcaacgctat gaagcccgac 960
ctgcaacggg cactgggtgc cacgcccaac accgggcecceyg cgecccaggyg cgcectag 1017
<210> SEQ ID NO 28
<211> LENGTH: 978
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 28
atgacagacg tgagccgaaa gattcgaget tggggacgece gattgatgat cggcacggca 60
geggetgtag tectteeggg cetggtgggg cttgceggeyg gagceggcaac cgegggcegey 120
ttctecegge cggggetgcee ggtcgagtac ctgcaggtge cgtegecegte gatgggecge 180
gacatcaagyg ttcagttcca gageggtggg aacaactcac ctgcggttta tctgctcgac 240
ggectgegeyg cccaagacga ctacaacggce tgggatatca acacccegge gttecgagtgg 300
tactaccagt cgggactgtc gatagtcatg ceggteggeg ggcagtccag cttctacage 360
gactggtaca gccecggectyg cggtaaggct ggctgecaga cttacaagtg ggaaacctte 420
ctgaccageg agctgecgca atggttgtcec gecaacaggyg cegtgaagece caccggcage 480
gectgcaateg gettgtcegat ggceggeteg teggcaatga tcettggecge ctaccacccece 540
cagcagttca tctacgccgg ctegetgteg gecctgetgyg accectcetca ggggatgggyg 600
cctagectga tceggectege gatgggtgac gecggeggtt acaaggcecge agacatgtgg 660
ggtccctega gtgacccegge atgggagcege aacgacccta cgcagcagat ccccaagcetg 720
gtecgcaaaca acacccggcet atgggtttat tgcgggaacyg gcacccecgaa cgagttggge 780
ggtgccaaca tacccgccga gttcttggag aacttegtte gtagcagcaa cctgaagtte 840
caggatgcegt acaacgccgce gggcgggcac aacgccegtgt tcaacttece gceccaacgge 900
acgcacagct gggagtactg gggcgctcag ctcaacgcca tgaagggtga cctgcagagt 960
tcgttaggeg ccggctga 978
<210> SEQ ID NO 29
<211> LENGTH: 1023
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 29
atgacgttcet tcgaacaggt gcgaaggttg cggagcgcag cgacaaccct gccgegecge 60
gtggctateg cggctatggg ggctgtectg gtttacggte tggtceggtac ctteggeggy 120
ceggecaceg cgggegeatt ctctaggece ggtettcecag tggaatatcet gcaggtgceca 180
tcegegtega tgggecgega catcaaggte cagttcecagyg geggcggace gcacgeggte 240
tacctgcteg acggtetgceg ggcccaggat gactacaacyg gctgggacat caacaccccg 300
gecttegagyg agtactacca gtcagggttg teggtgatca tgcccegtggg cggcecaatcce 360
agtttctaca ccgactggta tcagcccteg cagagcaacyg gccagaacta cacctacaag 420
tgggagacct tccttaccag agagatgccce gectggcetac aggccaacaa gggegtgtcee 480
ccgacaggca acgceggeggt gggtcettteg atgtegggeg gttecgeget gatcctggece 540
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gegtactace cgcagcagtt cccgtacgee gegtegttgt cgggettect caaccegtec 600
gagggcetggt ggccgacget gatceggectyg gegatgaacg actegggegyg ttacaacgec 660
aacagcatgt ggggtcegte cagcgacceg gectggaage gcaacgacce aatggttcag 720
attcccegee tggtegecaa caacaccegg atetgggtgt actgeggtaa cggcacaccce 780
agcgaccteg gcggcegacaa cataccggeg aagttectgg aaggectcac cctgegcace 840
aaccagacct tcegggacac ctacgeggece gacggtggac gcaacggggt gtttaactte 900
ccgeccaacyg gaacacacte gtggecctac tggaacgage agetggtege catgaaggec 960
gatatccage atgtgctcaa cggegegaca cccceggeeg cecctgetge geeggecgec 1020
tga 1023
<210> SEQ ID NO 30
<211> LENGTH: 288
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 30
atgacagagc agcagtggaa tttegegggt atcgaggeeg cggcaagege aatccaggga 60
aatgtcacgt ccattcatte cctecttgac gaggggaage agtccctgac caagctcegca 120
geggectggyg geggtagegg tteggaggeyg taccagggtg tccagcaaaa atgggacgec 180
acggctaccg agctgaacaa cgcgetgeag aacctggege ggacgatcag cgaagecggt 240
caggcaatgg cttcgaccga aggcaacgtce actgggatgt tcegcatag 288
<210> SEQ ID NO 31
<211> LENGTH: 291
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 31
atgtcgcaaa tcatgtacaa ctacccegeg atgttgggte acgecgggga tatggecgga 60
tatgceggea cgctgecagag cttgggtgee gagatcgeeg tggagecagge cgegttgeag 120
agtgcgtgge agggcgatac cgggatcacg tatcaggegt ggcaggcaca gtggaaccag 180
gecatggaag atttggtgeg ggcctatcat gegatgtcca geacccatga agecaacacce 240
atggcgatga tggccecgega cacggecgaa gecgcecaaat ggggeggceta g 291
<210> SEQ ID NO 32
<211> LENGTH: 1068
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 32
atgagcaatt cgcgecgeceg ctcactcagg tggtecatggt tgetgagegt getggetgece 60
gtegggetgg gectggecac ggegeeggeo caggceggeoe cgecggectt gtegeaggac 120
cggttegeeg actteccege getgecccte gaccegteeg cgatggtege ccaagtgggg 180
ccacaggtgg tcaacatcaa caccaaactg ggctacaaca acgecgtggg cgccgggace 240
ggcatcgtca tcgatcccaa cggtgtegtyg ctgaccaaca accacgtgat cgegggegec 300
accgacatca atgegttcag cgteggetee ggecaaacct acggegtega tgtggteggg 360
tatgaccgca cccaggatgt cgeggtgetyg cagetgegeg gtgecggtgg cctgecgteg 420
geggegateg gtggeggegt cgeggttggt gagecegteg tegegatggyg caacageggt 480
gggcagggeyg gaacgccceg tgcggtgect ggcagggtgg tegegetegyg ccaaacegtyg 540
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caggcgtegyg attcgetgac cggtgecgaa gagacattga
gecgegatee ageceggtga ttegggeggyg cccegtegtea
ggtatgaaca cggccgegte cgataactte cagetgtece
attccgateg ggcaggcegat ggcgatcgeg ggecagatcce
accgttcata tecgggectac cgecttecte ggettgggtg
ggcgcacgag tccaacgegt ggtegggage getcceggegyg
ggcgacgtga tcaccgeggt cgacggeget ccgatcaact
gegettaacyg ggcatcatee cggtgacgte atcteggtga
ggcacgcgta cagggaacgt gacattggcc gagggacccc
<210> SEQ ID NO 33

<211> LENGTH: 1176

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 33

atggtggatt tcggggegtt accaccggag atcaactceg
ggtteggect cgetggtgge cgceggetcag atgtgggaca
tcggecegegt cggegtttea gteggtggte tggggtetga
tegteggegy gtetgatggt ggeggeggee tegecgtatg
geggggcagg ccgagcetgac cgcecegeccag gtceegggttyg
gegtatggge tgacggtgee cecgeeggtyg atcgcecgaga
ctgatagcga ccaacctett ggggcaaaac accccggega
tacggcgaga tgtgggecca agacgecgee gegatgtttg
acggcgacgyg cgacgttget geegttegag gaggegecgg
ctecectegage aggecgecge ggtcegaggag gectecgaca
atgaacaatyg tgccccagge gctgcaacag ctggeccage
tcttecaage tgggtggect gtggaagacyg gtetegecge
atggtgtcga tggccaacaa ccacatgteg atgaccaact
accttgaget cgatgttgaa gggetttget cecggeggegg
geggegcaaa acggggtceeg ggcgatgage tegetgggea

ctgggeggty gggtggecge caacttgggt cgggeggect
cegecaggect gggecgegge caaccaggca gtcaccecgg
accagcctga ccagegecge ggaaagaggg cccgggeaga
gggcagatgg gcgecagggce cggtggtggg ctcagtggtg
ccctatgtga tgccgeatte teecggeggee ggetag
<210> SEQ ID NO 34

<211> LENGTH: 711

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 34

atgcggacce ccagacgceca ctgecgtege ategecgtece

gecactgteg ttgceggetg ctegteggge tcegaagccaa

acgggttgat ccagttcgat

acggcctagg acaggtggte

agggtgggca gggattcgec

gatcgggtgg ggggtcaccc

ttgtcgacaa caacggcaac

caagtctegg catctcecace

cggecacege gatggeggac

cctggcaaac caagtcggge

cggectga

cgaggatgta cgccggeccg

gegtggegag tgacctgttt

cggtggggtc gtggataggt

tggcgtggat gagegtcace

ctgeggegge ctacgagacyg

accgtgctga actgatgatt

tcgeggtcaa cgaggccgaa

getacgeege ggegacggeg

agatgaccag cgcgggtggg

cegecgegge gaaccagttyg

ccacgcaggg caccacgect

atcggtcgee gatcagcaac

cgggtgtgtce gatgaccaac

ccgeccagge cgtgcaaace

getegetggg ttettegggt

cggteggtte gttgteggty

cggcgcgggce gCthCgCtg

tgctgggegg getgeeggtyg

tgctgegtgt tcegecgega

tcgecgeegt tagcatcgec

geggeggace acttceceggac

600

660

720

780

840

900

960

1020

1068

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1176

60

120
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gegaageege tggtcgagga ggccaccgeg cagaccaagg ctctcaagag cgegeacatg 180
gtgctgacgg tcaacggcaa gatcceggga ctgtcetetga agacgctgag cggegatcte 240
accaccaacce ccaccgecge gacgggaaac gtcaagetca cgetgggtgg gtetgatate 300
gatgccgact tegtggtgtt cgacgggatce ctgtacgcca cectgacgece caaccagtgg 360
agcgattteg gtccegecge cgacatctac gaccecgece aggtgetgaa tceggatace 420
ggcctggeca acgtgctgge gaatttegee gacgcaaaag ccgaagggeyg ggataccatc 480
aacggccaga acaccatceg catcageggg aaggtatcegg cacaggeggt gaaccagata 540
gegecgeegt tcaacgcegac gcageeggtyg ceggcegacceg tetggattca ggagacegge 600
gatcatcaac tggcacaggc ccagttggac cgceggctegg gcaattcegt ccagatgacce 660
ttgtcgaaat ggggcgagaa ggtccaggte acgaagecce cggtgagetg a 711
<210> SEQ ID NO 35
<211> LENGTH: 1623
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 35
atggccaaga caattgegta cgacgaagag gcccgtegeg gectcgageg gggcttgaac 60
gecectegecyg atgeggtaaa ggtgacattyg ggccccaagg gocgcaacgt cgtectggaa 120
aagaagtggyg gtgcccccac gatcaccaac gatggtgtgt ccatcgccaa ggagatcgag 180
ctggaggatce cgtacgagaa gatcggegece gagcetggtceca aagaggtage caagaagacce 240
gatgacgtceg ccggtgacgg caccacgacyg gccaccgtge tggeccagge gttggttege 300
gagggcectge gcaacgtcege ggceggegeo aacccegceteg gtetcaaacyg cggcatcgaa 360
aaggccegtgg agaaggtcac cgagacccetyg ctcaagggeg ccaaggaggt cgagaccaag 420
gagcagattg cggccaccge agcgattteg gegggtgace agtccategyg tgacctgatc 480
gecgaggega tggacaaggt gggcaacgag ggcegtcatca cegtegagga gtecaacacce 540
tttgggctge agctegaget caccgagggt atgeggtteg acaagggeta catctegggg 600
tacttcegtga ccgaccegga gegtcaggag geggtectgg aggaccccta catccetgetg 660
gtcagctcca aggtgtccac tgtcaaggat ctgctgecge tgctcgagaa ggtcategga 720
gecggtaage cgetgetgat catcgecgag gacgtcegagg gcegaggeget gtecacectg 780
gtcgtcaaca agatccgegg caccttcaag teggtggegg tcaaggetece cggettegge 840
gaccgecgea aggcgatget gcaggatatg gecattcetcea ceggtggtca ggtgatcage 900
gaagaggtcg gcctgacget ggagaacgee gacctgtege tgctaggcaa ggeccgcaag 960

gtegtggtca ccaaggacga gaccaccatce gtcegagggeg ceggtgacac cgacgecatc 1020

gecggacgag tggcccagat cegecaggag atcgagaaca gcegactccga ctacgaccegt 1080

gagaagctge aggagcggcet ggccaagetyg geceggtggtg tegeggtgat caaggeeggt 1140

gecgecaceyg aggtcgaact caaggagcege aagcaccgca tcgaggatge ggttegeaat 1200

geccaaggecg ccgtegagga gggcategte geeggtgggg gtgtgacget gttgeaageg 1260

gecccgacee tggacgaget gaagctcgaa ggcgacgagg cgaccggege caacategtg 1320

aaggtggege tggaggecce getgaageag atcegecttea actecggget ggagecggge 1380

gtggtggeeyg agaaggtgeg caacctgecg getggecacg gactgaacge tcagacceggt 1440

gtctacgagg atctgctcge tgccggegtt gectgacccecgg tcaaggtgac ccgttceggeg 1500

ctgcagaatg cggcgtccat cgcggggctg ttectgacca ccgaggccgt cgttgccgac 1560
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aagccggaaa aggagaagge ttcegttece ggtggeggeg acatgggtgg catggattte

tga

<210> SEQ ID NO 36
<211> LENGTH: 600
<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 36

atggctgaaa actcgaacat
gecgacctgg ccettggecac
gagactcgta cggacacccg
caggaagatc tgcccgagca
cgtaaggeceyg ccgagggeta
cgeggtgagyg ccgetctaga
cgegecgaayg gctacgtgga
gecatcgcaga ccegegeggt
aagaaggctyg ctceggecaa
geggeggeca agaaggcegece
<210> SEQ ID NO 37

<211> LENGTH: 1128
<212> TYPE: DNA

tgatgacatc

tgtcaacgag

cagccgggte

gctcaccgag

cctegaggec

geggetgege

ccaggcggtg

cggtgagcgt

gaaggccgcet

cgcgaagaag

aaggctcegt tgcttgecge

ttgatcacga acctgegtga

gaggagagce gtgctegect

ctgcgtgaga agttcaccge

gegactagee ggtacaacga

agccagcaga gcttcgagga

gagttgacce aggaggegtt

geegecaage tggteggeat

ccggecaaga aggecgetec

geggeggeca agaaggtcac

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 37

gtgacgcaaa ccggcaagcg

ggcegetgge aagccageta

ttcaacgcca agatcgacge

caactatggt ccceggeatce

gccgaaggat ggctgaagca

ctgctggaca accacatcct

geegeegtge gecgetggta

tcctacaget tgctgegege

aaccecctgee gcatctcagg

accctegacy agctggaaac

ctgatggegyg catggetgge

atcgacctge acggcgaggt

ttcaaggtga cgacaccgaa

ctgatacceyg ccatcgaaga

ctgttecccat cggtcaacga

ttctacaagyg cccgaaaagce

tceggegeeyg tgttggetge

ggacacagca cagccggcege

gaaatcgecg cactgttaag

tcagagacge

caccggeccc

cgaagcatgg

gggtcaggaa

gegtggaatce

ggccacctte

cgccaccacc

aatcatgcag

cgegtecace

catcaccaaa

catgcgctac

tgcgegggtyg

aagcgatgeg

ccaccttcac

ccccaacegt

cgceggecga

atccaccgge

cgcacteege

caaactggec

aaattcggte gcatccgaca

gacggecgeg tgtacatcge

ctcaccgace gecegecgega

gacecgeceeg gagcecccatt

aaggaccgca cccgegecca

getgacacceyg acctacgcega

geegtgggea caccgaccat

accgecttgyg ccgacgacct

gecegecgeyg tccacaagat

gecatgeecg acccctacca

ggcgagetga ccgaattacg

cggcgggctg thtthggt

ggagtgcgeg acataagtat

aaacacgtca accceggecg

cacctagcac ccteggeget

ccagacttac gggtgcacga

gccacactgg ccgaactgat

taccagcacyg ccgccaaggyg

gagaaccagg agatgtga

gcttggagcg

gegtgeggag

gaccaagcetg

cgaggagctg

gctggtcgag

agtgtcggceg

gggtacggtc

cgagctgect

ggccaagaag

ccagaagtag

gttcaactce

ccccaaaacc

aatcgaccga

cggtgagtac

ctatcgcaaa

catcacceeg

gegggeacac

gatcgactce

caggcecgece

ggcgttcgtg

ccgcaaagac

dggcgaaggce

ccecgecacat

ggagtccetyg

gtaccgcatg

ccttegacac

gcagceggceta

cegggacege

1620

1623

60

120

180

240

300

360

420

480

540

600

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1128
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<210> SEQ ID NO 38

<211> LENGTH: 228

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 38

gtgatagegyg gegtecgacca ggcgettgca gcaacaggee aggctageca gegggceggea 60
ggcgcatetyg gtggggtcac cgteggtgte ggegtgggca cggaacagag gaaccttteg 120
gtggttgcac cgagtcagtt cacatttagt tcacgcagcc cagattttgt ggatgaaacc 180
gcaggtcaat cgtggtgcgce gatactggga ttgaaccagt ttcactag 228
<210> SEQ ID NO 39

<211> LENGTH: 435

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 39

atggccacca cccttecegt tcagegecac cegeggtece tetteccega gttttetgag 60

ctgttegegyg ccttecegte attegecgga ctecggecca cettegacac ceggttgatg 120

cggctggaag acgagatgaa agaggggege tacgaggtac gegeggaget tceceggggte 180

gaccccgaca aggacgtcga cattatggtce cgcgatggte agetgaccat caaggccgag 240
cgcaccgage agaaggactt cgacggtege teggaatteg cgtacggtte cttegttege 300
acggtgtcege tgceggtagg tgctgacgag gacgacatta aggccaccta cgacaagggce 360
attcttactg tgtcggtgge ggtttcggaa gggaagccaa ccgaaaagca cattcagate 420
cggtccacca actga 435

<210> SEQ ID NO 40

<211> LENGTH: 1224

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 40

atgagtggac gccaccgtaa geccaccaca tccaacgteca gegtcegcecaa gatcgecttt 60
accggegeag tacteggtgg cggeggeate gecatggeeg ctcaggegac cgeggecace 120
gacggggaat gggatcaggt ggcccgetge gagtcegggeg gcaactggtce gatcaacacc 180
ggcaacggtt accteggtgg cttgcagtte actcaaagca cctgggecge acatggtgge 240
ggcgagtteg cccegtegge tcagetggee agcecgggage agcagattge cgteggtgag 300

cgggtgetgyg ccacccaggg tegeggegee tggeeggtgt geggeegegyg gttatcgaac 360

gcaacacccee gcgaagtget tcecegetteg gecagegatgg acgcteegtt ggacgeggec 420
geggtcaacyg gegaaccage accgctggeco ccgecgecag ccgacccgge gocaccegtyg 480
gaacttgceg ctaacgacct geccgcacceyg ctgggtgaac cecteccgge agetecegec 540
gacceggeac cacccgecga cctggcacca ccegegeceg ccgacgtege gecaccegtyg 600
gaacttgceg taaacgacct geccgcacceyg ctgggtgaac ccectecegge agetecegec 660
gacceggeac cacccgecga cctggecacca ccegegeceg ccgacctgge gocaccegeg 720
cecegecgace tggegecace cgegeocgee gacctggeac cacccgtgga acttgecegta 780
aacgacctge ccgegecget gggtgaacce cteceggeag cteecgecga actggegeca 840
ccegecgate tggcaccege gteegecgac ctggegecac cegegecege cgacctggeg 900

ccaccegege ccgecgaact ggegecaccee gegeccgeeg acctggcace acccegetgeg 960
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gtgaacgagce

cttgecacey

ggcgacgtca

aagctgtgge

gcacagccgt

aaaccgegec

atttggaact

ccgaggegec

aggcgatteg

acgtcategg

<210> SEQ ID NO 41
<211> LENGTH: 1089

<212> TYPE:

DNA

gggcgatcag

ccecegagecc

cgccgaaacy

ggcccaggac

ctga

ccegecacag

gacccccaac

ccccaagtet

gtctgeggcea

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 41

atgttgegec

gtcgeegeat

atgaaatcge

gacctgtatce

agcegteage

thangtgg

tctegegeca

gtgcagctca

gggctgctga

acggccccga

accgagegge

agcecgggagy

gctgaggtcea

geccacgaag

gacggaagca

accggcaacyg

gggctgeggt

gaggtgacce

gegegetga

tggtagtcgg
gcaaaacggt
gggtgatcga
cecgeggecgy
tgcagatcte
acgaggeget
geegegtece
acgacggegy
gtgcggcegg
tcgtegaagy
tgcegetgec
tcgtcegaaga
acggcgtega
cegtggtgeg
tctgggacge
ggtattacgg
atgcaccceg

gactgcgtca

<210> SEQ ID NO 42
<211> LENGTH: 531

<212> TYPE:

DNA

tgcgetgetyg
gacgttgace
catcgtcgaa
cgtgcaggte
getggatggt
ggcccaacte
getgtecggg
gttggtgege
cgtgcegety
catgcagatc
gecgaacgceyg
ceccgggggte
gaccggecegt
ggtgggcace
gatecgecgge
tggtgtgcag
cgctgaccete

aggttgggge

ctggtgttgg
gtcgacggaa
gagaacgggt
catgacgeeg
cacgacgcta
gegatgacceyg
atggcgctac
acggtgcact
ttgcaaagcyg
caggtgaccc
cgtegtgteg
ceggggaccec
ttgccegteg
aagcceggta
tgtgaggceyg
tttgaccagg

gecaccegeyg

gCCtggCng

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 42

gtgcatcett

ctctctctaa

gccaagcecge

tccacegecyg

tccgggggca

ceggecacct

caaatcgcag

tgcecggecga

tcggtaacge

tcatcaagtc

ttgcccacge

actgggcggc

gggecgcatt

ttgccaatcg

ccacggeagyg

ttcggecact

cgccatggec

cggteccage

caacaccgga

cggcggtgtc

ggttctegee

tcgeggtgea

tccggegata

gcaggactcg

ccgaactggyg

aacggcaaat

ggcaacccag

gaacagggat

ctccaggegyg cceggttgge
cagctgacge accgecgecc
cgaacatcge ctatacgaag

acgatgcget ggactegete

cgttegeegyg tggctatgeg
cegegatgeg ggtgaccacy
tctcagtega cgaccgcgac
acaccatecgt gctgeggegt
agcaggtgtyg gacgaccgeg
acacggcgee ggccgegget
cggtegtcag cgccaagacyg
tgceggecce caatgtegeg
accacgtggt gccecgecgeg
gcaatcggat caagaaggte
aggacccgga gatgaacatg
aggatgtgac gttcgeggta
ccaacgtegt ggtgaccceceg
ccgaggtgee cceggtgatce
gtggcaactyg ggcgatcaac
gcacctggga ggccaacgge
aagagcagat cgccgttgec

tatgtgctge acgagcgggt

atagacaccce gatctcacca

tgtcgagcat gacaagaatc

tcacggcate catgtegete

acgccgtege gcagtgcgaa

acggcggact gcagttcaag

cagctgecte tcgggaacaa

tggacgcgtyg gccgacgtge

1020

1080

1140

1200

1224

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1089

60

120

180

240

300

360

420
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ggcgeegect ctggecttee gatcegcactyg tggtcegaaac cecgegcaggyg catcaagcaa 480
atcatcaacg agatcatttg ggcaggcatt caggcaagta ttcecgegetg a 531
<210> SEQ ID NO 43
<211> LENGTH: 465
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 43
atgacaccgg gtttgettac tactgegggt getggecgac cacgtgacag gtgcgecagg 60
atcgtatgca cggtgttecat cgaaaccgee gttgtegega cecatgtttgt cgegttgttg 120
ggtctgteca ccatcagete gaaagccgac gacatcgatt gggacgecat cgegecaatge 180
gaatceggeg gcaattggge ggccaacace ggtaacgggt tatacggtgg tcetgeagatc 240

agccaggega cgtgggatte caacggtggt gtegggtege cggeggeege gagtcecccag 300

caacagatcg aggtcgcaga caacattatg aaaacccaag gcccgggtge gtggecgaaa 360
tgtagttcett gtagtcaggg agacgcaccg ctgggctege tcacccacat cctgacgtte 420
ctecgeggecg agactggagg ttgttcecgggg agcagggacg attga 465

<210> SEQ ID NO 44

<211> LENGTH: 519

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 44

ttgaagaacg cccgtacgac gctcategee geegegattg cegggacgtt ggtgaccacg 60
tcaccagceg gtatcgecaa tgccgacgac gegggettgg acccaaacge cgcagecgge 120
ccggatgeeg tgggetttga cecgaacctyg cegecggece cggacgetge acccegtcegat 180
actcecgeegyg ctecggagga cgegggettt gatcccaace tecececgee getggecceg 240
gacttecctgt cccegectge ggaggaageyg cctecegtge cegtggecta cagegtgaac 300
tgggacgcga tcgegecagtyg cgagtecggt ggaaactggt cgatcaacac cggtaacggt 360
tactacggeg gectgeggtt caccgecgge acctggegtg ccaacggtgg cteggggtece 420

geggcecaacy cgagecggga ggagcagatce cgggtggetg agaacgtget gegttcegeag 480
ggtatccgeg cctggeeggt ctgcggecge cgcggctga 519
<210> SEQ ID NO 45

<211> LENGTH: 633

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 45

atgatcgeca caaccecgega tegtgaagga gcecaccatga tcacgtttag getgegettg 60
cegtgecgga cgatactgeg ggtgttcage cgecaatcege tggtgegtgg gacggatcga 120
ctcgaggegyg tegteatget getggeegte acggtctege tgctgactat ccegttegece 180
geegeggeeyg gcaccgcagt ccaggattce cgcagecacg tctatgecca ccaggeccag 240
acccgecate ccgcaaccge gaccgtgate gatcacgagg gggtgatcega cagcaacacg 300
accgccacgt cagegecgece gegcacgaag atcaccgtge ctgecegatg ggtcegtgaac 360
ggaatagaac gcagcggtga ggtcaacgeg aagccgggaa ccaaatcegyg tgaccgegte 420
ggcatttggg tcgacagtgce cggtcagetyg gtcegatgaac cagctccgec ggecegtgec 480

attgcggatyg cggcectgge cgecttggga ctetggttga gegtegeege ggttgeggge 540
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geectgetygyg cgcetcacteg ggcgattetg atcegegtte gecaacgecag ttggcaacac 600
gacatcgaca gcctgttcetg cacgcagegg tga 633
<210> SEQ ID NO 46
<211> LENGTH: 1020
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 46
atgacggagce cagcggegtg ggacgaaggce aagcecgcgaa tcatcacttt gaccatgaac 60
ccegecttgg acatcacgac gagcgtegac gtggtgegece cgaccgagaa aatgegttgt 120
ggegcaccte gctacgatcee cggeggcegge ggtatcaatg tegcccegeat tgtgcatgte 180
cteggeggtt getcegacage actgtteceg gecggegggt cgaccgggayg cctgetgatg 240
gegetgeteyg gtgatgeggg agtgecattt cgegtecatte cgatcgegge ctegacgegyg 300
gagagcttca cggtcaacga gtccaggacce gccaagcagt atcgtttegt gettecgggg 360
cegtegetga cegtegegga gcaggagcaa tgectcegacyg aactgcegegyg tgcggegget 420
teggecgect ttgtggtgge cagtggecage ctgecgecag gtgtggetge cgactactat 480
cagcgggttyg ccgacatcectg ccgccgateg agcactcege tgatcctgga tacatctggt 540
ggegggttge agcacattte gtceggggtg tttettetca aggcgagegt gegggaactyg 600
cgegagtgeg tceggatccga actgctgacce gageccgaac aactggcecge cgcacacgaa 660
ctcattgace gtgggegege cgaggtegtg gtggtcetege ttggatctca gggegegceta 720
ttggccacac gacatgcgag ccatcgattt tegtcgatte cgatgaccge ggttageggt 780

gteggegeeyg gegacgcegat ggtggecgeg attacegtgg gectcagecg tggetggteg 840
ctcatcaagt ccgttegett gggaaacgeg gecaggtgcag ccatgetget gacgecagge 900
accgeggect gcaatcgega cgatgtggag aggttcetteg agetggegge cgaacccace 960
gaagtcgggce aggatcaata cgtttggcac ccgatcgtta acccggaagce ctcgccatga 1020
<210> SEQ ID NO 47

<211> LENGTH: 996

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 47

atgccggaca ccatggtgac caccgatgte atcaagageg cggtgecagtt ggectgecge 60
gecaccgtege tccacaacag ccagcectgyg cgctggatag ccegaggacca cacggttgeg 120
ctgttecteg acaaggatcg ggtgctttac gegaccgace actecggecg ggaagegetg 180
ctggggtgeg gegeegtact cgaccacttt cgggtggega tggeggeege gggtaccacce 240
gccaatgtgg aacggtttcc caaccccaac gatcctttge atctggegte aattgactte 300
agccecggecg atttegtcac cgagggecac cgtctaaggg cggatgegat cctactgege 360
cgtaccgace ggctgecttt cgecgageceg ccggattggg acttggtgga gtegeagttg 420
cgcacgaccyg tcaccgecga cacggtgege atcgacgtea tegecgacga tatgegtecce 480
gaactggegg cggcgtccaa actcaccgaa tcgetgegge tctacgattce gtegtatcat 540
gecgaactcet tttggtggac aggggetttt gagacttcetg agggcatacce gcacagttca 600
ttggtatcegg cggccgaaag tgaccgggte acctteggac gegacttece ggtegtegece 660

aacaccgata ggcgeccgga gtttggecac gaccgetcta aggtceetggt getctccace 720



119

US 9,181,311 B2

120

-continued
tacgacaacg aacgcgccag cctactgege tgeggcgaga tgctttceege cgtattgett 780
gacgccacca tggetggget tgccacctge acgctgacce acatcaccga actgcacgec 840
agccgagace tggtegecage getgattggg cageccgcaa ctecgcaage cttggttege 900
gteggtetygyg ccccggagat ggaagagcecg ccaccggcaa cgecteggeg accaatcgat 960
gaagtgtttc acgttcgggce taaggatcac cggtag 996
<210> SEQ ID NO 48
<211> LENGTH: 432
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 48
atgaccaccg cacgcgacat catgaacgca ggtgtgacct gtgttggega acacgagacg 60
ctaaccgetyg ccgctcaata catgegtgag cacgacateg gegegttgece gatctgeggg 120
gacgacgacce ggctgcacgg catgctcacce gaccgegaca ttgtgatcaa aggectgget 180
gegggectag acccgaatac cgccacggcet ggcgagttgg cecgggacag catctactac 240
gtecgatgcga acgcaagcat ccaggagatg ctcaacgtca tggaagaaca tcaggtccge 300
cgtgttceegg tcatctcaga gcaccgettg gteggaateg tcaccgaage cgacatcgece 360
cgacacctge ccgagcacgce cattgtgcag ttegtcaagg caatctgete gceccatggece 420
ctecgcecaget ag 432
<210> SEQ ID NO 49
<211> LENGTH: 1242
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<400> SEQUENCE: 49
atggcaagtt ctgcgagcga cggcacccac gaacgctegg cttttegect gagtcecaccyg 60
gtettgageg gegecatggg accgttcatg cacaccggte tgtacgtege tcaatcgtgg 120
cgegactate tgggtcaaca gcccgataaa ctgccgateg cacggcccac tattgectta 180
geggegcaayg cctttegaga cgaaatcgte ctgctgggec tcaaggcacg acgtcceggte 240
agcaatcatc gagtgttcga gcgcatcage caagaagtgg ccgetggact ggagttctat 300
gggaatcgca gatggctgga gaagectage ggattttttg cecageccce accgetcace 360
gaggtcgegy tccgaaaggt caaggaccgce agacgctcect tttatcgeat cttettcgac 420
agtgggttta cgccgcatce gggtgaaccg ggcagccaac ggtggctcete atacactgeg 480
aacaatcgeg agtacgccct gttactgegg cacccagage cgegtecctyg getggtttgt 540
gtacacggca ccgagatggg cagggceccceg ttggatcteg cggtgttecg cgectggaag 600
ctgcatgacg aactcggect gaacattgte atgecggtte ttecgatgea tggtecccge 660
gggcaaggte tgccgaaggg cgcegttttt cccggagaag atgttctega cgatgtgeat 720
gggacggcte aageggtgtyg ggatatccegg cggetgttgt cctggatacyg atcgcaggag 780
gaggagtcge tgatcgggtt gaacggtcete tegetgggeg getacatcge gtcattggte 840
gecagecteyg aagaaggtct cgectgegeg attceteggtyg teccagtgge tgatctgatce 900
gagttgttgyg gccgecactyg cggtettegg cacaaagacce cecgecgeca caccgtcaag 960
atggccgaac cgatcggcceg aatgatctceg ccgcectctcecac ttacgceccact ggtgceccatg 1020
ccgggeceget ttatctacge gggcattgce gaccgacteg tgcatccacg cgaacaggtg 1080
actcgectet gggagcactg gggcaaacce gaaatcgtgt ggtatccagg cggtcacact 1140
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ggcttettee agtegeggee ggtacgacgg tttgtccagg ctgegetgga gecagteggge

ctgttggacg cgccacggac acagegegac cgttcegect aa

<210> SEQ ID NO 50
<211> LENGTH: 363

<212> TYPE:

DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 50

atgtccacge

ggccgatgtg

atatggcacc

gacgggcgca

tcggagttgg

gactggccceyg

taa

aacgaccgag

gtcggatagg

cgcgcaaggt

cagcacgggt

gcacccaaag

ctgegtacge

<210> SEQ ID NO 51
<211> LENGTH: 1119

<212> TYPE:

DNA

gcactceggt

caggtggggg

gcaatccgee

gectggtgac

ccegttggec

aatcggtgag

attcgggetyg

gtgcaccagg

accatctatc

gagatcacta

gatgagcttyg

cacctgteceyg

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 51

atggacgcca

tcceccagec

gtcagaggeg

ctggtgtetyg

ceceggectge

gtgcagttce

geccaggacyg

agcggectgt

cagceagett

gagctgeccyg

ggcctgteta

gtgtacgetyg

atcggactgg

gaggaccccg

aacaccagag

ctgecegeca

tacaacgcetyg

tgggagtatt

gccaccecta

tgaagagggg

aggaaatcca

cegtgacegyg

gactcgtggg

ccgtggaata

agtctggcgg

acttcagegyg

ctgtggteat

gtggcaagge

getggetgea

tggctgecag

gegecatgte

ctatgggaga

cctggecagag

tgtgggtgta

agttcctgga

gcggeggaca

ggggagccca

atactggacc

<210> SEQ ID NO 52
<211> LENGTH: 372

<212> TYPE:

PRT

cctgtgetge

cgececeggtte

catgagcaga

agccgtgggc

tctgcaggte

agccaacage

ctgggacatce

gCCtgtgggC

cggetgecag

ggccaacaga

ctctgeccety

tggcctgetyg

tgccggcgga

aaacgacccc

ctgeggcaac

aggcttegtyg

caacggegtyg

getgaatgee

tgctecteag

Synthetic sequence

gtgetgetge

agacggggca

cggctggtcg

ggaacagcta

cccagcccca

cctgetetgt

aacacccccg

ggccagagca

acctacaagt

cacgtgaagc

accctggeca

gatccttete

tacaaggcca

ctgctgaacy

ggcaagctga

cggaccagca

ttcgacttee

atgaagcceeg

ggcgcatga

ttggccecta

aggcgatgat

aggtgaccga

gcaccgtgte

cgcgtgeggt

ttgagattge

tgtgtggege

gecatgcagcet

tgggagctgt

cagccggege

gcatgggccg

acctgetgga

ccttegagty

gettcetacag

gggagacatt

ccaccggete

tctaccacce

aggccatggg

gegacatgtyg

tgggcaagcet

gcgacctggg

acatcaagtt

ccgacagegyg

acctgcagag

cgcatgggece

gaatctagceg

tcgetegeac

ngttggttg

geggatcgge

cgttgeggte

cgtgttegty

ggtggacaga

cggagecget

tttcagcaga

ggacatcaag

cggectgaga

gtacgaccag

cgactggtat

cctgaccage

tgcegtegty

ccagcagtte

acccacccty

gggccctaaa

gatcgccaac

cggcaacaac

ccaggacgec

cacccacagc

agcecctggge

1200

1242

60

120

180

240

300

360

363

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1119
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<213> ORGANISM:

<400> SEQUENCE:

Met Asp Ala Met

1

Ala

Gly

Ser

Leu

65

Pro

Arg

Leu

Asp

145

Gln

Phe

Lys

Ala

Ala

225

Ile

Trp

Asn

Gly

Phe

305

Tyr

Gly

Pro

Pro

Val

Ser

Arg

Val

Gly

Asp

Tyr

Ile

130

Val

Pro

Leu

Pro

Leu

210

Met

Gly

Gly

Val

Asn

290

Leu

Asn

Thr

Asp

Gln
370

Phe

Met

35

Arg

Gly

Leu

Ile

Leu

115

Asn

Met

Ala

Thr

Thr

195

Thr

Ser

Leu

Pro

Gly

275

Gly

Glu

Ala

His

Leu
355

Gly

Val

20

Gln

Leu

Ala

Pro

Lys

100

Leu

Thr

Pro

Cys

Ser

180

Gly

Leu

Gly

Ala

Lys

260

Lys

Lys

Gly

Gly

Ser
340

Gln

Ala

Mycobacterium tuberculosis

52

Lys

5

Ser

Leu

Val

Val

Val

85

Val

Asp

Pro

Val

Gly

165

Glu

Ser

Ala

Leu

Met

245

Glu

Leu

Leu

Phe

Gly

325

Trp

Arg

<210> SEQ ID NO 53

<211> LENGTH:

168

Arg

Pro

Val

Val

Gly

70

Glu

Gln

Gly

Ala

Gly

150

Lys

Leu

Ala

Ile

Leu

230

Gly

Asp

Ile

Ser

Val

310

Gly

Glu

Ala

Gly

Ser

Asp

Gly

Gly

Tyr

Phe

Leu

Phe

135

Gly

Ala

Pro

Val

Tyr

215

Asp

Asp

Pro

Ala

Asp

295

Arg

His

Tyr

Leu

Leu

Gln

Arg

40

Ala

Thr

Leu

Gln

Arg

120

Glu

Gln

Gly

Gly

Val

200

His

Pro

Ala

Ala

Asn

280

Leu

Thr

Asn

Trp

Gly
360

Cys

Glu

25

Val

Val

Ala

Gln

Ser

105

Ala

Trp

Ser

Cys

Trp

185

Gly

Pro

Ser

Gly

Trp

265

Asn

Gly

Ser

Gly

Gly

345

Ala

Cys

10

Ile

Arg

Gly

Thr

Val

90

Gly

Gln

Tyr

Ser

Gln

170

Leu

Leu

Gln

Gln

Gly

250

Gln

Thr

Gly

Asn

Val
330

Ala

Thr

Val

His

Gly

Ala

Ala

75

Pro

Gly

Asp

Asp

Phe

155

Thr

Gln

Ser

Gln

Ala

235

Tyr

Arg

Arg

Asn

Ile

315

Phe

Gln

Pro

Leu

Ala

Ala

Ala

60

Gly

Ser

Ala

Asp

Gln

140

Tyr

Tyr

Ala

Met

Phe

220

Met

Lys

Asn

Val

Asn

300

Lys

Asp

Leu

Asn

Leu

Arg

Val

45

Leu

Ala

Pro

Asn

Phe

125

Ser

Ser

Lys

Asn

Ala

205

Val

Gly

Ala

Asp

Trp

285

Leu

Phe

Phe

Asn

Thr
365

Leu

Phe

30

Thr

Val

Phe

Ser

Ser

110

Ser

Gly

Asp

Trp

Arg

190

Ala

Tyr

Pro

Ser

Pro

270

Val

Pro

Gln

Pro

Ala
350

Gly

Cys

15

Arg

Gly

Ser

Ser

Met

95

Pro

Gly

Leu

Trp

Glu

175

His

Ser

Ala

Thr

Asp

255

Leu

Tyr

Ala

Asp

Asp

335

Met

Pro

Gly

Arg

Met

Gly

Arg

80

Gly

Ala

Trp

Ser

Tyr

160

Thr

Val

Ser

Gly

Leu

240

Met

Leu

Cys

Lys

Ala

320

Ser

Lys

Ala
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<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence
<400> SEQUENCE: 53

aagaagcagg gcgacgccga cgtgtgtgge gaggtggect
gactgccacyg tgccaaccge cgagetgegg accctgetgyg
gaaatccaga aactgaaggt ggaactgcag ggcctgagea
<210> SEQ ID NO 54

<211> LENGTH: 1245

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence
<400> SEQUENCE: 54

atggacgcca tgaagagggg cctgtgetge gtgetgetge
tcececagee aggaaatcca cgcccggtte agacggggea
gtcagaggeyg cegtgaccgg catgagcaga cggctggteg
ctggtgtetyg gactegtggg agccegtggge ggaacagcta
cceggectge ccegtggaata tctgcaggte ceccagcccca
gtgcagttee agtctggegg agccaacagce cctgctetgt
geecaggacy acttcagegg ctgggacatc aacacccecg
agcggectgt ctgtggtcat gectgtggge ggccagagea
cagceegett gtggcaagge cggctgecag acctacaagt
gagetgeceyg getggetgca ggccaacaga cacgtgaage
ggectgteta tggetgccag ctetgecctg accctggeca
gtgtacgetyg gegecatgte tggectgetg gatccttete
atcggactgg ctatgggaga tgccggegga tacaaggcca
gaggaccceg cctggcagag aaacgacccce ctgctgaacg
aacaccagag tgtgggtgta ctgcggcaac ggcaagctga
ctgceegeca agttectgga aggcttegtyg cggaccagea
tacaacgctyg gcggeggaca caacggegtyg ttegacttece
tgggagtatt ggggagccca gctgaatgece atgaagccceg
aagcagggceg acgcecgacgt gtgtggegag gtggectaca
tgccacgtge caaccgccga getgcggace ctgctggaaa
atccagaaac tgaaggtgga actgcagggce ctgagcaaag
<210> SEQ ID NO 55

<211> LENGTH: 414

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 55

Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val
1 5 10

Ala Val Phe Val Ser Pro Ser Gln Glu Ile His

acatccagag cgtggtgtce
aaatccggaa gctgttectg

aagagtga

tgtgtggege cgtgttegty
gecatgcaget ggtggacaga
tgggagctgt cggagccget
cagccggege tttcagcaga
gecatgggecyg ggacatcaag
acctgectgga cggectgaga
ccttegagty gtacgaccag
gettectacag cgactggtat
gggagacatt cctgaccagce
ccaccggete tgcegtegty
tctaccacce ccagcagtte
aggccatggg acccaccctyg
gegacatgtyg gggccctaaa
tgggcaagct gatcgccaac
gegacetggg cggcaacaac
acatcaagtt ccaggacgcce
ccgacagegg cacccacage
acctgcagag aggcagcaag
tccagagegt ggtgtccgac
tccggaaget gttectggaa

agtga

Leu Leu Leu Cys Gly
15

Ala Arg Phe Arg Arg

60

120

168

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1245
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Gly

Ser

Leu

65

Pro

Arg

Leu

Asp

145

Gln

Phe

Lys

Ala

Ala

225

Ile

Trp

Asn

Gly

Phe

305

Tyr

Gly

Pro

Gly

Thr
385

Ile

Ser

Arg

50

Val

Gly

Asp

Tyr

Ile

130

Val

Pro

Leu

Pro

Leu

210

Met

Gly

Gly

Val

Asn

290

Leu

Asn

Thr

Asp

Glu
370

Ala

Gln

Met

35

Arg

Gly

Leu

Ile

Leu

115

Asn

Met

Ala

Thr

Thr

195

Thr

Ser

Leu

Pro

Gly

275

Gly

Glu

Ala

His

Leu

355

Val

Glu

Lys

20

Gln

Leu

Ala

Pro

Lys

100

Leu

Thr

Pro

Cys

Ser

180

Gly

Leu

Gly

Ala

Lys

260

Lys

Lys

Gly

Gly

Ser

340

Gln

Ala

Leu

Leu

Leu

Val

Val

Val

85

Val

Asp

Pro

Val

Gly

165

Glu

Ser

Ala

Leu

Met

245

Glu

Leu

Leu

Phe

Gly

325

Trp

Arg

Tyr

Arg

Lys
405

<210> SEQ ID NO 56

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Artificial sequence

1017

Val

Val

Gly

70

Glu

Gln

Gly

Ala

Gly

150

Lys

Leu

Ala

Ile

Leu

230

Gly

Asp

Ile

Ser

Val

310

Gly

Glu

Gly

Ile

Thr
390

Val

Asp

Gly

55

Gly

Tyr

Phe

Leu

Phe

135

Gly

Ala

Pro

Val

Tyr

215

Asp

Asp

Pro

Ala

Asp

295

Arg

His

Tyr

Ser

Gln
375

Leu

Glu

Arg

40

Ala

Thr

Leu

Gln

Arg

120

Glu

Gln

Gly

Gly

Val

200

His

Pro

Ala

Ala

Asn

280

Leu

Thr

Asn

Trp

Lys

360

Ser

Leu

Leu

25

Val

Val

Ala

Gln

Ser

105

Ala

Trp

Ser

Cys

Trp

185

Gly

Pro

Ser

Gly

Trp

265

Asn

Gly

Ser

Gly

Gly

345

Lys

Val

Glu

Gln

Arg

Gly

Thr

Val

Gly

Gln

Tyr

Ser

Gln

170

Leu

Leu

Gln

Gln

Gly

250

Gln

Thr

Gly

Asn

Val

330

Ala

Gln

Val

Ile

Gly
410

Gly

Ala

Ala

75

Pro

Gly

Asp

Asp

Phe

155

Thr

Gln

Ser

Gln

Ala

235

Tyr

Arg

Arg

Asn

Ile

315

Phe

Gln

Gly

Ser

Arg
395

Leu

Ala

Ala

60

Gly

Ser

Ala

Asp

Gln

140

Tyr

Tyr

Ala

Met

Phe

220

Met

Lys

Asn

Val

Asn

300

Lys

Asp

Leu

Asp

Asp

380

Lys

Ser

Val

45

Leu

Ala

Pro

Asn

Phe

125

Ser

Ser

Lys

Asn

Ala

205

Val

Gly

Ala

Asp

Trp

285

Leu

Phe

Phe

Asn

Ala

365

Cys

Leu

Lys

30

Thr

Val

Phe

Ser

Ser

110

Ser

Gly

Asp

Trp

Arg

190

Ala

Tyr

Pro

Ser

Pro

270

Val

Pro

Gln

Pro

Ala

350

Asp

His

Phe

Glu

Gly

Ser

Ser

Met

95

Pro

Gly

Leu

Trp

Glu

175

His

Ser

Ala

Thr

Asp

255

Leu

Tyr

Ala

Asp

Asp

335

Met

Val

Val

Leu

Met

Gly

Arg

80

Gly

Ala

Trp

Ser

Tyr

160

Thr

Val

Ser

Gly

Leu

240

Met

Leu

Cys

Lys

Ala

320

Ser

Lys

Cys

Pro

Glu
400



US 9,181,311 B2
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-continued
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic sequence
<400> SEQUENCE: 56
atgcagcetgg tggacagagt cagaggegece gtgaccggea tgagcagacyg gctggtegtg 60

ggagctgteg gagcegetet ggtgtetgga ctegtgggag cegtgggegyg aacagctaca 120

geeggegett tcagcagace cggectgece gtggaatatce tgcaggtcecc cagecccage 180
atgggccggg acatcaaggt gcagttccag tcetggceggag ccaacagcecce tgctcetgtac 240
ctgctggacyg gcectgagage ccaggacgac ttcagcegget gggacatcaa cacccccgece 300
ttecgagtggt acgaccagag cggcctgtet gtggtcatge ctgtgggegyg ccagagcagce 360
ttctacageg actggtatca gecccgettgt ggcaaggeceyg gcetgccagac ctacaagtgg 420
gagacattce tgaccagcga gctgeccgge tggctgcagg ccaacagaca cgtgaagecce 480
accggetetyg cegtegtggg cctgtctatg getgecaget ctgecctgac cctggecate 540
taccacccee agcagttegt gtacgetgge gecatgtetyg gectgetgga tecttetcag 600
geecatgggac ccaccctgat cggactggcet atgggagatg ccggcggata caaggccagce 660
gacatgtggyg gccctaaaga ggaccccgece tggcagagaa acgacccect getgaacgtg 720
ggcaagctga tcgccaacaa caccagagtg tgggtgtact geggcaacgg caagctgage 780
gacctgggeyg gcaacaacct gcccgecaag ttectggaag gettegtgeg gaccagcaac 840
atcaagttce aggacgcecta caacgctgge ggcggacaca acggegtgtt cgacttecce 900
gacagcggca cccacagcetg ggagtattgg ggagcccage tgaatgcecat gaagcccgac 960
ctgcagagag ccctgggege cacccectaat actggacctg ctectcaggg cgcatga 1017

<210> SEQ ID NO 57

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 57

gaagcccgac ctgcaacgtg gatccaagaa gcaaggtgat getgatg 47

<210> SEQ ID NO 58

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 58

agggccctet agatgecatge tcgageggece gettattact cettgetcag tecttge 57

<210> SEQ ID NO 59

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence

<400> SEQUENCE: 59

ggggcatatg tttteccegge cgggcttgee ggtgg 35

<210> SEQ ID NO 60
<211> LENGTH: 37
<212> TYPE: DNA
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-continued
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic sequence
<400> SEQUENCE: 60
ggggggatcc ggecgcectgg ggcegegggee cggtgtt 37
10

The invention claimed is:
1. A polynucleotide sequence encoding a fusion protein
comprising first and second domains,
wherein the first domain of the fusion protein comprises an
amino acid sequence having at least 70% sequence iden-
tity to the amino acid sequence of SEQ ID NO: 1,0r a
fragment of said amino acid sequence of SEQ ID NO: 1
comprising at least 20 consecutive amino acids thereof;

and wherein the second domain of the fusion protein com-
prises a mycobacterial antigen or an antigenic fragment
thereof.

2. The polynucleotide sequence according to claim 1,
wherein the second domain of the fusion protein comprises a
mycobacterial antigen selected from the group consisting of
85A/Rv3804c, 85B/Rv1886¢c, 85C/Rv0129¢c, ESAT6/
Rv3875, TB10.4/Rv0288, Rv0125, PPE18/Rv1196, P27/
Rvl41le, HSP65/Rv0440, HBHA/Rv0475, Rv2659c,
Rv2660c, HspX/Rv2031c, RPFA/Rv0867¢c, RPFB/Rv1009,
RPFC/Rv1884c, RPFD/Rv2389c, RPFE/Rv2450c,
Rv1733c, Rv2029¢, Rv2032, Rv2626¢, Rv2627c, Rv2628,
Rv0111, Rv1806/1807, Rv0198, and Rv3812 or an antigenic
fragment thereof.

3. The polynucleotide sequence according to claim 1,
wherein the second domain of the fusion protein comprises an
amino acid sequence having at least 70% sequence identity to
an amino acid sequence selected from the group consisting of
SEQ ID NOs: 3-26 and 52, or a fragment of said amino acid
sequence selected from the group consisting of SEQ ID NOs:
3-26 and 52 comprising at least 10 consecutive amino acids
thereof.

4. The polynucleotide sequence according to claim 1,

wherein the first domain of said fusion protein comprises

an amino acid sequence having at least 70% sequence
identity to the amino acid sequence of SEQ ID NO: 1, or
a fragment of said amino acid sequence of SEQ ID NO: 1
comprising at least 20 consecutive amino acids thereof;
and

wherein the second domain of said fusion protein com-

prises an amino acid sequence having at least 70%
sequence identity to an amino acid sequence selected
from the group consisting of SEQ ID NOs: 3-5 and 52, or
a fragment of said amino acid sequence selected from

20

25

30

40

45

the group consisting of SEQ ID NOs: 3-5 and 52 com-
prising at least 10 consecutive amino acids thereof.

5. The polynucleotide sequence according to claim 1,
wherein the first domain of said fusion protein is encoded by
a nucleic acid sequence having at least 70% identity to a
nucleic acid sequence selected from the group consisting of
SEQ ID NO: 2 and SEQ ID NO: 53 or a fragment of said
nucleic acid sequence selected from the group consisting of
SEQ ID NO: 2 and SEQ ID NO: 53 comprising at least 60
consecutive nucleotides thereof.

6. The polynucleotide sequence according to claim 1,
wherein the second domain of said fusion protein is encoded
by a nucleic acid sequence having at least 70% identity to the
nucleic acid sequence selected from the group consisting of
SEQID NOs: 27-29, 51 and 56, or a fragment of said nucleic
acid sequence selected from the group consisting of SEQ ID
NOs: 27-29, 51 and 56 comprising at least 30 consecutive
nucleotides thereof.

7. The polynucleotide sequence according to claim 1,
wherein the first domain of the fusion protein is arranged
C-terminal of the second domain of the fusion protein.

8. The polynucleotide sequence according to claim 1, com-
prising a nucleotide sequence having at least 70% identity to
the nucleic acid sequence of SEQ ID NO: 54.

9. The polynucleotide sequence according to claim 1,
wherein the encoded fusion protein comprises at least one
additional antigen.

10. A vector comprising a polynucleotide sequence accord-
ing to claim 1.

11. The vector according to claim 10, wherein the vector is
selected from the group consisting of a plasmid DNA vector
and a viral vector.

12. The vector according to claim 10, wherein the vector is
a human adenovirus.

13. The vector according to claim 10, wherein the vector is
a simian adenovirus.

14. The vector according to claim 10, wherein the vector is
a chimpanzee adenovirus.

15. The vector according to claim 10, wherein the viral
vector is selected from the group consisting of an adenovirus
vector and a modified vaccinia Ankara virus vector.

#* #* #* #* #*



